Development of conservation strategies for Alepidea Amatymbica ECKL. & ZEYH. : a rare medicinal plant in the Eastern Cape, South Africa by Mangoale, Ramatsobane Maureen
  
DEVELOPMENT OF CONSERVATION STRATEGIES FOR ALEPIDEA 
AMATYMBICA ECKL. & ZEYH.: A RARE MEDICINAL PLANT IN THE 
EASTERN CAPE, SOUTH AFRICA  
 
 
RAMATSOBANE MAUREEN MANGOALE 
 
 
 
DEPARTMENT OF BOTANY  
FACULTY OF SCIENCE AND AGRICULTURE 
UNIVERSITY OF FORT HARE 
ALICE 5700, SOUTH AFRICA 
 
 
 
 
 
MAY, 2017 
    
 
 DEVELOPMENT OF CONSERVATION STRATEGIES FOR ALEPIDEA 
AMATYMBICA ECKL. & ZEYH.: A RARE MEDICINAL PLANT IN THE 
EASTERN CAPE, SOUTH AFRICA  
 
 
 
RAMATSOBANE MAUREEN MANGOALE 
 
 
 
A thesis submitted in fulfilment of the requirements for the degree of 
DOCTOR OF PHILOSOPHY IN BOTANY 
 
 
 
DEPARTMENT OF BOTANY 
FACULTY OF SCIENCE AND AGRICULTURE 
UNIVERSITY OF FORT HARE, ALICE,  
SOUTH AFRICA 
 
 
SUPERVISOR: PROF ANTHONY JIDE AFOLAYAN 
 
 
MAY, 2017 
    
i 
  
DECLARATION 
 
I, Ramatsobane Maureen Mangoale, declare that this thesis, submitted to the University of Fort 
Hare for the degree of Doctor of Philosophy in Botany in the Faculty of Science and 
Agriculture, is my own work; and that this work has not been submitted to any other institution 
for the award of any academic degree.  
I declare that I followed the rules and conventions concerning referencing and citation in 
scientific writing.  
I also declare that all sources of materials used for this thesis have been duly acknowledged and 
accurately referenced.  
Again, I declare that I am fully aware of the University of Fort Hare policy on plagiarism and I 
have taken every precaution to comply with the regulations of the University. 
Name: Ramatsobane Maureen Mangoale   Signature:................................... 
Institution: University of Fort Hare    Date: May, 2017 
I confirm that the work reported here was carried out by the above named candidate under my 
supervision. 
Prof Anthony Jide Afolayan 
Signature: …………………………. Date: ………………………… 
 
 
 
    
ii 
  
DEDICATION 
 
I dedicate this work to God Almighty through Jesus Christ for giving me strength, courage, 
tenacity and for sustaining me through this study.  
                        And 
To my Mother Raesetja Lucy Mangoale for her support and encouragement throughout the 
duration of this study. 
AKNOWLEDGEMENTS 
 
The completion of this thesis was made possible by the valuable assistance I received from 
people during my studies. It is with pleasure that I acknowledge the efforts of people who have 
contributed to the development of this thesis. I would like to thank my Supervisor, Prof Anthony 
J. Afolayan for his hard work, tenacity, advice, guidance, perseverance and constructive 
criticisms that helped me to transform every piece of my work into this thesis. To my mentors 
Dr Gloria Otunola and Dr Bethwell Moyo, I wish to express my heart felt appreciation to you 
for guidance and useful suggestions and support. My special thanks to Franklin Ohikhena for 
your input, sacrifice, support and for calming influence. Thanks to you for always being there to 
render your assistance. Special thanks to Papadi Mary Nakalebe, Dr Callistus Bvenura and Dr 
Wintola for your encouragement and support. God bless you all. 
I am grateful to the Medicinal Plants and Economic Development (MPED) Research Centre 
members for their help and input. I am delighted to be part of you.  
During the course of this study, I have had a pleasure of spending great deal of time with 
friends. My sincere thanks goes to them for their kindness and willingness to share their ideas 
with me. I would specifically like to thank Manape Lekganyane, Vuyokazi Mgobozi, 
    
iii 
  
Oshiomhome Unuofin, Bosede Elizabeth Famewo and Funke Paulina Adijat Ogundola, I am 
eternally grateful to you all. 
My heartfelt thanks goes to my family; My mother, Lucy Mangoale, My grandmother (Sannah 
Mmangoale), My Aunt, Sarah Mangwale and my uncle, Nape Mangwale, My sisters, Mohlapa, 
Sadile, Mamoso, Lerato Ledwaba and my brother Letladi, Kagiso, Tshwarelo and all my 
siblings. Your prayers, sacrifices, love, support have been driving forces behind me. Your 
prayers and belief propelled me through this course. 
Last but not least, I would like to thank heavenly Father who has taken great care of me from the 
time I started my degree at the University of Fort Hare in both good and bad times I 
experienced. Without his power I would not have managed to reach this stage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
iv 
  
LIST OF ABBREVIATIONS  
 
2.4-D 2.4-Dichlorophenoxyacetic acid 
ABET Adult Based Education Training 
Abs Absorbance 
ABTS 2.2”- Azino –bis 3 –ethylbenzthiazoline-6sulpho acid 
AIDS Acquired Immune Deficiency Syndrome 
ANOVA Analysis of Variance 
BHT Butylated Hydroxytoulene 
BHSA Brine shrimp hatchability assay  
BLSA Brine Shrimp Lethality Assay  
BST Brine Shrimp test 
DMSO Dimethyl Sulphur Oxide 
DNA Deoxy-ribonucleic acid 
DPPH 2.2- Diphenyl-1-Picrylhydrazyl radical scavenging activity 
CE Catechin 
ECSECC Eastern Cape Socio Economic Consultative Council 
EDXS Energy Dispersive X- ray Spectroscopy 
EN Endangered 
FRP Ferric Reducing Power 
HMP Herbal Medicine Practitioners 
HIV Human Immuno Deficiency Virus  
IUCN International Union for Conservation of Natural resources 
KZN KwaZulu-Natal 
    
v 
  
LC Lethal Concentration 
MIC Minimum Inhibitory Concentration 
ND Not Determined 
NO Nitric Oxide 
QE Quercetin Equivalent 
ROS Reactive Oxygen species 
SANBI South African National Biodiversity Institute 
SEM Scanning Electron Microscope 
TCA Trichloacetic acid 
TE Tannin Equivalent 
VU Vulnerable 
WHO World Health Organisation 
 
 
 
 
 
 
 
 
 
 
 
 
    
vi 
  
ABSTRACT 
 
Conservation through cultivation has been recommended as a means to relieve overexploitation 
of medicinal plants. However, the medicinal plants users believe that plants collected from the 
wild are more potent than cultivated ones. Hence, there is a need for scientific documentation of 
the potency of cultivated medicinal plants to contribute to the development of a sustainable 
management strategy to conserve wild populations. This study was aimed at documenting 
cultivation techniques of a known medicinal plant, Alepidea amatymbica and to validate its 
medicinal efficacy.  
In order to identify overexploited medicinal plants in the study area and thus develop their 
conservation strategy, a survey on the trade of medicinal plants was conducted in selected towns 
of Amathole District Municipality of the Eastern Cape, South Africa. The survey revealed 67 
plants belonging to 46 different families. Twenty-five medicinal plants were identified as 
overexploited and scarce and they were prioritized for conservation. Furthermore, 69.14 % of 
the respondents were not willing to use cultivated medicinal plants. Lack of belief on the 
potency of cultivated plants and cultivation techniques were mentioned as the most significant 
constraints to conservation of medicinal plants. Also, the time for cultivated plants to reach 
maturity deterred herbal medicine practitioners from cultivating them. Alepidea amatymbica was 
mentioned as one of the most overexploited medicinal plants which has become scarce in the 
study area. This medicinal plant was therefore selected for this study. 
In order to develop sustainable conservation program for the species, various studies which 
include survey on the medicinal plants trade, cultivation, comparative micromorphology, 
elemental composition, toxicity, phytochemical and antioxidant activity of the wild and 
cultivated A. amatymbica were conducted. 
    
vii 
  
Cultivation of Alepidea amatymbica was conducted to determine the appropriate planting depth 
and rhizome fragment length for the growth of this plant. The experiment was laid out in a 
Complete Randomized Block Design (CRBD) with two factors in 6×3 factorial design. There 
were six levels of fragment length (1, 2, 3, 4, 5 and 6 cm) and three levels of burial depth (2.5, 5 
and 7.5 cm). Emergence rate, number of leaves, leaf area, and plant height, number of florets, 
rhizome length gain, rhizome weight gain, shoot moisture and rhizome moisture were measured 
as growth parameters. The best overall yield in terms of plant height, shoot emergence, rhizome 
weight gain, number of florets and number of leaves was observed in 7.5 cm planting depth at 6 
cm rhizome length. Four centimetre rhizome length had the highest leaf area of 111.9±3.5 cm2, 
101.3±3.5 cm2, 105±3.5 cm2 at 2.5, 5, 7.5 cm planting depth respectively. Shorter fragment 
lengths showed high potential for vegetative propagation in terms of rhizome length gain at all 
burial depths. 
Scanning electron microscopy (SEM) was used to examine the foliar micro morphological 
characteristics while energy dispersive x-ray spectroscopy (EDXS) was used to determine the 
elemental composition in different parts of the wild and cultivated plants. The study revealed 
numerous differences between the wild and cultivated ones. These include deposition of 
epicuticular waxes, stomatal apparatus, helical thickening of the xylem walls, thickening of the 
epidermal cell layer and presence of starch grains in the parenchyma cells of the cortex. The 
EDXS analysis also revealed disproportionate quantities of C, O, Ca, K, Al, Mg, Si, Br and N as 
the major constituents in both cultivated and wild A. amatymbica specimens. The quantities of 
elements varied in the different parts of wild and cultivated plants. 
Toxicity of the methanol, water and acetone extracts of the fresh rhizome of the wild and 
cultivated A. amatymbica were evaluated using hatchability of cysts and lethality on the hatched 
cysts (nauplii) of Artemia salina. The highest hatching success was observed in the water 
extracts of the wild plant (46.16%) with a MIC of 0.184 mg/ml while the cultivated plants had a 
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hatching success of 40.83% with MIC of 0.208 mg/ml. Highest mortality was observed in the 
acetone extract of the wild plants at the lethal dose of 0.191 mg/ml while the cultivated plant had 
a lethal dose of 0.270 mg/ml. Water extracts of both wild and cultivated plants showed similar 
lethal dose (LD50) of >1 mg/ml. Methanol extracts of both the wild and cultivated species 
exhibited almost the same level of toxicity (0.695 mg/ml and 0.628 mg/ml, respectively). Based 
on the Bastos criterion of toxicity indices of the lethality test, all the plant fractions 
demonstrated cytotoxicity effect, although the degree of their toxicity varied among the plants 
used. 
Standard spectrophotometry assays were used to quantify the phytochemical contents and to 
determine the antioxidant potentials of the cultivated and wild A. amatymbica. The results 
revealed different levels of phytochemicals with corresponding antioxidant activities. The wild 
extracts had higher phytochemical contents in most of the assays than cultivated extracts. Total 
phenol in the wild extracts ranged from 32.30±3.43 to 117.8±8.45 mg GAE/g with the acetone 
extracts having the highest content while the water extracts was the least. The range in the total 
phenol of the cultivated species was 66.46±5.29 to 98.44±6.08 mg GAE/g with the methanol 
extracts having the highest content while water extracts was the least. The flavonoids content 
ranged from 55.01±6.51 to 99.09±7.20 mg QE/mg and from 48.65±7.74 to 67.32±4.1 mg 
QE/mg for the wild and cultivated plants, respectively. The alkaloids contents ranged from 
14.70±0.04 to 17.80±0.015 % in the wild species while it ranged from 11.98±0.14 to 13.21±0.06 
% in the cultivated species. The wild species also showed higher antioxidant activities in most of 
the assays evaluated. 
The study revealed successful cultivation of the wild species of Alepidea amatymbica using 
fragments from the rhizome. The micromorphological study of both the wild and cultivated 
species showed minimal differences in the helical thickening of the walls in the xylem vessels 
and starch grain accumulation pattern. Although herbal medicine practitioners believe that 
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cultivated species are not potent, however this study revealed some levels of phytochemicals 
contents and antioxidant activities which are comparable to the wild species. Cultivation is a 
major strategy in conserving nature and their resources. Hence, the successful domestication of 
A. amatymbica would help in reducing the pressure on the wild species while also meeting their 
medicinal demands purposes, utilisation and conserving for future generations. 
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1.1 Introduction 
The majority of the population still rely on the indigenous herbal remedies for health care 
delivery in Africa. It is estimated that there are 28 million users of indigenous medicinal plants 
in South Africa (Fennell et al., 2004). Most of these medicinal plant species are collected in the 
wild for the treatment of various ailments and for international trade (Dold and Cocks, 2002). 
The extensive use, as well as increasing demand for medicinal plants in both formal and 
informal markets apparently remains unregulated (Moyo et al., 2011). Market demand for these 
plant species for ethnomedicinal uses are met through harvesting from the wild and this, in turn, 
increases the pressure of extinction of the wild population (Williams et al., 2008). The rapid 
harvesting and trade in wild medicinal plants has negatively affected their populations (Lewu et 
al., 2007). About 85% of plant parts sold commercially are roots, rhizome, bark, corms and 
leaves. These parts are collected using destructive methods of harvest therefore posing a threat 
to their regeneration (Masondo et al., 2013). Prominent among these species is Alepidea 
amatymbica Eckl. & Zeyh. which is harvested destructively for its rhizome.  
Alepidea amatymbica is common in the grassland of southern Africa. This plant is also known 
as larger tinsel flower (English), Kalmoes (Afrikaans), Iqwili (Xhosa), Inkhathazo (Zulu) and 
Lesooko (Sesotho). It is an erect robust plant, growing up to 2 m in height with hollow grooved 
stems and rhizomatous root stocks (De Castro and Van Wyk, 1994). The margins of the leaves 
are prominently dentate with each tooth ending in a bristle. Flowers form loose rosettes with 
flower spikes rising above grasses. The inflorescence is widely branched with a number of small 
stars shaped white flowers (Figure 1A, B, C, D and E).  
The plant generally grows on stream banks, drainage lines, and forest margins of Northern and 
Southern Drakensburg Mountains of the Eastern Cape Province, Lesotho, KwaZulu-Natal, 
Swaziland, Mpumalanga and Limpopo Province extending towards Zimbabwe (Hutchings et al., 
1996: Nonjinge and Tarr, 2013).  
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Figure 1: Alepidea amatymbica Eckl. & Zeyh. plant parts. A- Leaves, B- Flower, C- A. 
amatymbica plant, D- Rhizome, E- Cross section of rhizomatous stock showing oil glands  
E D 
C 
B A 
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1.2 Threat to Alepidea amatymbica  
The primary threat to Alepidea amatymbica is overexploitation for herbal medicine trade. The 
plant is critically endangered in Zimbabwe (Maroyi, 2008), vulnerable in Lesotho (Talukdar, 
2002) and listed as lower risk or near threatened but locally extinct in certain heavily collected 
areas (Scott-Shaw, 1999). Hence, it has raised concern for its conservation in these regions 
(Williams, 2007). The species has been overexploited over most of its distribution range in 
KwaZulu-Natal and is becoming rare in many areas (Mander, 1998). Due to high percentage of 
people infected with HIV/AIDS in KwaZulu-Natal Province, the use of A. amatymbica for the 
management of HIV/AIDS has caused pressure on its usage and therefore, it is becoming scarce 
(Louvel et al., 2013). This has resulted in locals importing it from Lesotho (Letsela, 2004). 
Several surveys have reported that the scarcity status of A. amatymbica in KwaZulu-Natal is 
highly felt by herbal traders (Scott- Shaw, 1999; Botha et al., 2004; Mander et al., 2007). Due to 
this scarcity, harvesters have to travel extra hours into remote areas and thick into the forest to 
collect this plant (Mander, 1998). This is also in line with the reports of herbal markets trade 
from the Eastern Cape (Dold and Cocks, 2012) and Limpopo Province (Moeng and Potgieter, 
2012). According to Moeng and Potgieter (2012), A. amatymbica is rated fifth in terms of 
scarcity and due to overexploitation and lack of knowledge on the sustainable harvesting 
technique A. amatymbica is threatened (O’ Connor, 2004). Though A. amatymbica produces 
much seeds when fully matured, plant harvester and users only harvest this plant before seeds 
are mature, thereby,  contributing to the reduction of the seeds in the seed bank of this plant 
which has caused a decline in its population (Raimondo et al., 2009). 
1.3 Medicinal uses and chemical constituents of A. amatymbica 
Alepidea amatymbica is used as a traditional medicine in the treatment of complications such as 
inflammation, asthma, abdominal cramps, rheumatism, respiratory tract infections, 
gastrointestinal disorders and headache (Maroyi, 2008; Wintola and Afolayan, 2014). It has been 
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reported to be active against HIV related diseases (Louvel et al., 2013). The Xhosa people use 
the plant for the treatment of abdominal disorders, stomach pains and chest complaints 
(Olorunnisola et al., 2011). Studies on the biological activities of this plant such as 
antiflammatory, antimicrobial (Hutchings, 1989a; Lewu and Afolayan, 2009), genotoxicity 
(Mulaudzi et al., 2009) and diuretic activities (Hutchings, 1989b) have been reported. According 
to Holzapfel et al. (1995), chemotaxonomic results from A. amatymbica showed that compounds 
such as dehydro-16-kaurene-19-oic acid, ent-16-kauren-19-oic acid, wedelia seco- kaurenolide 
and 3B – acetoxy could be derived from the dried rhizomes of this plant. These compounds from 
the dried rhizome of A. amatymbica were reported to have antispasmodic and relaxant actions on 
smooth muscles (Bejar et al., 1984). Alepidea amatymbica has been screened for potential 
cardiovascular and diuretic activities (Somova et al., 2001). Somova et al. (2001) reported that 
all extract of A. amatymbica from dry rhizome displayed low toxicity levels.  
1.4 Motivation for this study  
Herbal medicine is widely used in South Africa and most of the plants used for this purpose 
were harvested from wild populations. In South Africa, the informal trade in medicinal plants 
has increased in recent years with demand exceeding supply (Lewu et al., 2007). Demand of 
medicinal plants by users has caused plant species to be actively traded in the informal and 
formal markets. The medicinal plants trade is believed to generate income to rural communities 
and thus making a positive impact to the local economy. Due to lack of awareness and law 
enforcement, traders are unaware of protected species (Moeng and Potgieter, 2012). Even 
though the conservation legislation prohibits the collection of protected species, a little has been 
done to remedy the situation (Mander, 1998).   
Several plant species such as wild ginger (Siphonochilus aethiopicus Schweinf. B.L. Burtt) and 
the pepper bark (Warburgia salutaris Bertol.f. Chiov) have been exploited to such an extent that 
they are seldomly seen in unprotected areas (Lewu et al., 2007). One of the most affected 
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harvested species for its underground bulb or rhizome, is A. amatymbica. Consequently, several 
researchers have proposed some practical approaches such as conservation to counteract the risk 
of extinction (Crouch and Edwards, 2004; Wiersum et al., 2006; Lewu et al., 2007; Vashista et 
al., 2007). Various sets of recommendations related to the conservation of medicinal plants have 
been developed and these include conservation through cultivation (in situ and ex situ 
conservation), plant tissue culture technique and conservation through plant part substitution 
(Zschocke et al., 2000). Crouch and Edwards (2004) reported that local cultivation was not 
successful due to several technical constraints including, difficulty of propagation, lack of 
experience and limited knowledge of the natural growing conditions of medicinal plants. There 
are more than 50 species that were found to be cultivated in the home gardens of Eastern Cape 
Province of South Africa (Wiersum et al., 2006). The most popular species that were cultivated 
were herbaceous plants such as Artemsia afra Jacq. ex Willd., Eucomis automalis (Mill.) Chitt. , 
Tulbaghia acutiloba Harv., Agapanthus praecox Willd. and Drimia elata Jacq. It was reported 
that medicinal plants users cultivate herbaceous and bulbous plants because they are relatively 
easy to propagate and provide quick yields (Wiersum et al., 2006). 
According to Canter et al. (2005), medicinal plants users are reluctant to cultivate medicinal 
plants most especially plants cultivated by underground parts such as A. amatymbica. It is 
believed that these plants are difficult to cultivate and take time to mature. Although cultivation 
is one of the pragmatic measures for the sustainable conservation of medicinal plants, users still 
believe that medicinal plants collected from the wild are more potent than cultivated ones 
(Masondo et al., 2013). According to Wiesurm et al. (2006), cultivated medicinal plants are not 
effective as wild plants because ritual practices have to be observed when collecting them from 
the wild and plant species are revealed to traditional healers by ancestors. Similarly, in 
Botswana, traditional healers reject the use of cultivated plants, as they believe that they do not 
have the original healing powers as compared to the materials collected from the wild (Wiersum, 
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2006). Similar outcome was also reported by Mavi and Shava (1997) who recorded that 
Zimbabweans reject the planting of medicinal species because they believe that indigenous 
plants lose their curative properties when cultivated. It is also believed that cultivated medicinal 
plants lose their efficacy through contact with people handling the plants during cultivation. The 
absence of convincing evidence on the potency of cultivated medicinal plants remains a 
physiological bottleneck. Therefore, there is urgent need for scientific study and documentation 
on the variations or similarities between wild and cultivated medicinal plants. 
1.5 Scope of the thesis 
This thesis is a documentation of the findings on the survey carried out to assess the trade of 
medicinal plants by Herbal Medicine Practitioners (HMPs) with particular reference to Alepidea 
amatymbica. It also documents the potential conservation of medicinal plants through 
cultivation where in appropriate planting depth and fragment length for the emergence and 
growth of Alepidea amatymbica was determined. In addition, comparative analyses of the 
anatomy, morphology, elemental composition, phytochemical, antioxidant activities and 
toxicological assessment of wild and cultivated Alepidea amatymbica is also documented in this 
study. The specific aims and objectives of this study are detailed under the following headings. 
1.5.1 Survey on the trade of medicinal plants by Herbal Medicine Practitioners with 
reference to A. amatymbica 
The current increase in the commercialization of medicinal plants has resulted in the 
overharvesting and extinction of some valued indigenous plant species (Moeng and Potgieter, 
2012). In addition the high demand for local and export trade has resulted in many communities 
in the Eastern Cape Province harvesting medicinal plants and selling them to traders for 
subsistence (Dold and Cocks, 2001). Williams et al. (2000) reported that some medicinal plants 
traded in Gauteng markets originates from the Eastern Cape, thus revealing that the trade in 
medicinal plants is also inter-provincial. The rate of harvesting these medicinal plants appear to 
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exceed the rate of natural rejuvenation thereby negatively affecting their population in the wild. 
The Red Data List of Southern Africa plants, an inventory of threatened species indicates, that 
the population of A. amatymbica species have declined and as such has been categorized as 
vulnerable (Raimondo et al., 2009). Many factors such as trade could affect the population of 
medicinal plants. Hence, regular surveys are required to ascertain the effect of different 
environmental and anthropogenic activities on the distribution and population of these species. 
A study was therefore carried out to determine the common medicinal plants that are sold in the 
herbal markets, conservation status of identified medicinal plants by the Herbal Medicine 
Practitioners (HMPs) and to document the marketing, harvesting, packaging and pricing 
activities of medicinal plant trade.  
1.5.2 Conservation of A. amatymbica through cultivation 
Cultivation is usually recommended as a conservation measure for medicinal plants in order to 
provide alternative supplies for species in high demand and for those that are slowly 
approaching extinction (Dold and Cocks, 2002). Cultivation using vegetative parts are 
considered to be the best method because it can maintain genetic stability and may often be the 
only option to replace the declining species. It was also reported by Donaldson (2006) that 
cultivation under controlled growth conditions can improve yields of active compounds, with 
almost invariable secondary metabolites and ensure production stability. The objectives of this 
study were to develop cultivation techniques that would result in improved yields of target 
products. The specific objective was to determine the appropriate rhizome length and rhizome 
sowing depth that could encourage the maximum rhizome yield that is similar to the wild 
population of Alepidea amatymbica. It is believed that increased cultivation may result in a 
decrease in the reliance of the wild species of A. amatymbica and may therefore lead to their 
recovery in the wild (Larsen and Olsen, 2007). Despite the conservation status of A. 
amatymbica, little work has been done to cultivate and or encourage its cultivation in order to 
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conserve it. Therefore, in this work, we propose the domestication of A. amatymbica through ex 
situ cultivation as one of the means of reducing pressure on the wild population and as a means 
of conserving this threatened and important medicinal plant.  
1.5.3 Micromorphology and elemental composition of wild and cultivated A. amatymbica 
Anatomical structure is very important for studying biological specimens for the purpose of 
classification as well as physiological changes of certain cells and structures in relation to their 
habitat (Coopoosamy and Naidoo, 2011). Plant anatomy is an important part of pharmacognostic 
study which plays a role in preventing adulteration and assures the quality of herbal drugs 
(Agrawal, 2005). The necessity of anatomical investigation of medicinal plants for 
authentication and quality control of drugs has been reported (Gupta et al., 2003; Keirungi and 
Fabricus, 2005). The World Health Organization (WHO) recommends microscopic studies 
before testing plant products for purposes such as medicinal plants identification and to control 
the purity of herbal medicine. Therefore, micromorphology of vegetative organs of medicinal 
plants could provide pieces of valuable taxonomic information of plants variety. It is reported by 
Motlhanka and Makahabu (2011) that removal of plants from their native wild habitats for 
domestication purposes may cause a failure for the synthesis of some elements following 
relocations. Elemental composition of plants are influenced by environmental factors. Therefore, 
the present work was undertaken to provide the detailed micromorphology of the wild and 
cultivated species of A. amatymbica by scanning electron microscopy (SEM) and Energy 
dispersive x-ray spectroscopy (EDXS). In addition, the micromorphology of the rhizome, leaf, 
aerial stalk and contractile roots of cultivated plants compared to wild A. amatymbica could be 
used in identification purposes and the stability and acclimatisation of the plants in different 
environments. The consistency in the similarities of elemental compositions of the wild and 
cultivated plants could validate the claims made by medicinal plants users on the cultivated 
plants.  
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1.5.4 Safety evaluation of wild and cultivated A. amatymbica plant  
Herbal medicines have been reported to produce a wide range of undesirable or adverse 
reactions some of which could cause serious injuries, abortion, dizziness, vomiting, diarrhoea, 
abdominal pain, fast heartbeat, ulcer, loss of appetite, life-threatening conditions and even death 
(Ekor, 2014). In order to minimise the adverse side effects of medicinal plant and to ensure the 
safety and efficacy of herbal medicines, the World Health Organisation (WHO, 2014) 
recommends that herbal medicines should be evaluated through scientific validation of toxicity 
tests for each medicinal plant. Several studies have indicated that the administration of high 
doses of herbal plants might lead to kidney damage (Ekor, 2014). Hence, it is recommended that 
pharmacological studies should always be accompanied by toxicological screening and 
evaluation (Bwititi et al., 2000; Cos et al., 2006; Ijeh and Agbo, 2006). Brine shrimp assay has 
been reported by several authors as a useful indicator for the detection of toxins in herbal plants 
(Bastos et al., 2009; Kibiti and Afolayan, 2015; Ohikhena et al., 2016). Therefore, Brine shrimp 
hatchability and lethality assays were used to compare the toxicity of screening of A. 
amatymbica of the wild and cultivate species to ascertain its safe use in herbal medicine 
1.5.5 Phytochemical constituents and antioxidant activity of A. amatymbica  
Many diseases are caused by oxidative stress that results from imbalance between formation and 
neutralisation of free radicals (Kibiti and Afolayan, 2015). Oxidative stress is initiated by 
reactive oxygen species (ROS) such as superoxide anions, hydrogen peroxide, hydroxyl, nitric 
oxide and peroxynitite damages cellular DNA, proteins and lipids. The plants are often endowed 
with various phytochemical molecules such as tannins, flavonoids, vitamins and other 
metabolites that are rich in antioxidants activity (Afolabi et al., 2007). However, it is well 
known that chemical constituents of medicinal plants and their biological activities are 
influenced by various ecological, climatic and environmental factors (Andrew et al., 2007). 
Therefore this research included the phytochemical constituents and antioxidant activity study of 
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the A. amatymbica plant varieties to link activity reported by local users of the plant. The 
experiment was also conducted to determine the differences and similarities in the 
pharmacological actions of wild and cultivated A. amatymbica. The purpose of this study was to 
encourage the use of cultivated A. amatymbica rather than the wild plants, and thus confirmation 
on the potency of the cultivated species A. amatymbica will reduce the harvesting pressure and 
therefore encourage its conservation. 
1.6 Objectives of the study  
The broad objective of the study was to explore conservation strategies of Alepidea amatymbica, 
an overexploited medicinal plant in the Eastern Cape Province, South Africa. The lack of 
evidence on the potency of cultivated medicinal plants has resulted in the over reliance on wild 
species causing primary threat to biodiversity. Therefore, the study focuses on the anatomy, 
morphology, elemental compositions, phytochemicals, antioxidant and toxicology of the 
cultivated A. amatymbica in comparison with the wild species. 
1.7 Specific objectives  
• To conduct an investigation into the trade of medicinal plants by herbal medicinal 
practitioners in  selected towns of Amathole District Municipality with reference to A. 
amatymbica.  
•  To determine the effect of rhizome fragment length and planting depth on emergence 
and growth of A. amatymbica. 
• To conduct a comparative investigation of the micromorphology and elemental 
composition of wild and cultivated A. amatymbica  
• To determine the toxicity level of different extracts of wild and cultivated A. amatymbica 
using Brine shrimp. 
    
  13   
  
• To evaluate the phytochemical constituents and antioxidant activity of wild and 
cultivated rhizomes of A. amatymbica.   
 
1.8 The structure of this thesis 
This thesis is composed of seven chapters. The general introduction and Literature review is 
presented in chapter 1. Chapter 2 is the trade of medicinal plants by street vendors in Nkonkobe 
Municipality with reference to A. amatymbica. Chapter 3 contains conservation of medicinal 
plants: effect of planting depth and fragment length on the growth of A. amatymbica. A 
comparative investigation of the micromorphology, elemental composition and anatomy of wild 
and cultivated A. amatymbica are reported in Chapter 4. Chapter 5 contains comparative 
toxicological studies of wild and cultivated A. amatymbica from different solvent extracts using 
brine shrimp. Chapter 6 is a report of the phytochemical constituents and antioxidant activities 
of wild and cultivated rhizomes of A. amatymbica. The general discussion and conclusions 
emanating from the entire study are presented in chapter 7.  
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2.1 Introduction 
More than 80% of the world’s population relies mainly on traditional medicines to meet their 
primary health care (Oladele et al., 2011). Medicinal plants play a key role in the development 
and advancement of novel drugs (Pramono, 2002). Majority of people living in the remote areas 
depend more extensively on traditional medicine as an alternative or supplement to visiting 
orthodox health care practitioners (Thring and Weitz, 2006). Medicinal plants used for treatment 
of various ailments have been obtained through intensive harvesting of the wild populations. 
Demand for medicinal plants has also created an informal trade in medicinal plants. It was 
estimated that the total number of medicinal plants in international trade is about 2500 species 
(Schippmann et al., 2002). About 700 plant species are known to be actively traded for 
medicinal purposes in South Africa (Mander, 1998b). The demand for medicinal plants has 
resulted in the intensive harvesting of wild medicinal plants. In many places, this has resulted in 
overexploitation, a serious threat to biodiversity in the regions (Street and Prinsloo, 2013). 
Overexploitation of these wild medicinal plants has led to many species being threatened or 
endangered or extinct (Omobuwajo et al., 2008). 
According to the South African Red List statistics, the Eastern Cape Province, is listed third in 
the list of South African provinces with most threatened species of about 295 taxa (SANBI, 
2011). The inhabitants (80%) of the Eastern Cape Province depend on traditional medicine for 
their health care (Dold and Cocks, 2002). The low socio-economic standings of the large, 
predominantly rural areas of the province indicates that great majority of the inhabitants use 
traditional methods of health care (Hirst, 1990). The population of the Eastern Cape Province 
has a long history of traditional plant usage for the treatment of various diseases (Grieson et al., 
2007). The inhabitants tend to be more traditional and rural, but also significantly poorer and 
less developed (Cocks and Moller, 2002). The large population of the province is reliant to some 
extent on natural resources for direct subsistence use or indirectly generating income (Dold and 
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Cocks, 2000). Natural resources are increasingly being put under pressure due to poverty, high 
population densities, uncontrolled access, destructive and unsustainable harvesting methods 
(Twine et al., 2003). The intensive harvesting of wild population of medicinal plants is for 
medicinal purposes and commercial trade (Keirungi and Fabricius, 2005). Demand of medicinal 
plants for commercial trade has been estimated to be worth approximately R270 million a year 
(Dold and Cocks, 2002). The indiscriminate informal harvesting of medicinal plants for 
commercial purposes has led to the depletion of these species. All plants are harvested from the 
wild and no attempts have been made to cultivate these medicinal plants in the province. 
Indiscriminate exploitation has been a trend for decades and has generated conservation issues 
of these important plants.  
Trade statistics information on medicinal plants can be used as status risk of the wild 
populations (Williams et al., 2007). Williams et al. (2008) reported that survey from the 50 
muthi shops, a total of 23 species were found to be listed as threatened on the Red Data list. It is 
therefore necessary that cultivation of medicinal plants be introduced in order to conserve 
biodiversity and protect threatened species. The present study was carried out to determine the 
common medicinal plants sold in the herbal markets, conservation status of identified medicinal 
plants by Herbal Medicine Practitioners (HMPs) and to document the marketing, harvesting, 
packaging and pricing activities involved in the medicinal plants trade in Amathole District 
Municipality of Eastern Cape Province, South Africa. The information gathered will provide 
insight on the status of stocks in the wild as well as conservation strategies of Herbal Medicine 
Practitioners (HMPs). 
2.2 Materials and methods 
2.2.1 Description of the study area 
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The study area falls within Amathole District Municipality (Figure 1), and lies within the 
latitudes 30º.00 to 34º 15’ S and longitudes 22º 45’ to 30º 15’ E (Grieson and Afolayan, 1999). 
This area consists of many villages of low socio-economic standing. The great majority of the 
people use traditional methods of health care. The majority of the population (72%) reside in 
villages, farms and scattered settlements while 28% reside in urban settlements, mostly Alice, 
Fort Beaufort, King Williams Town and Keiskammahoek where the main concentration of 
business occurs (ECSECC, 2012). The study area included King Williams Town, Stutterheim, 
Alice, Fortbeaufort and Keiskammahoek. The major ethnic group in the area is Xhosa, with 
farming as their main occupation. The high cultural value of traditional medicine, coupled with 
deep-seated rural life, suggests that a large proportions of this population make use of traditional 
methods of health care and thus high demand for natural plant resources (ECSECC, 2012). 
 
Figure 1: Map of Amathole District Municipaliy in the Eastern Cape Province, South Africa. 
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2.2.2 Ethnobotanical data collection 
The survey was based on questionnaire and market observation supplemented by field visit to 
collection sites. The investigation was carried out using interviews among traditional healers, 
street vendors, plant harvesters, customers and knowledgeable local elders who use medicinal 
plants to treat common illnesses. A total of 162 HMPs of ages between 20 and 80 years were 
interviewed in the study area. Interviews were conducted in the local language of the 
respondents and with the help of an interpreter, it was translated into English. As most of the 
markets are informal, the study was not able to utilise any formally documented materials. The 
information included the monthly income of the traders, distance travelled to collect medicinal 
plants, scarcity and existence of medicinal plants, names of plant sold daily, frequency of 
harvesting, harvesting methods, prices of the plant, the species mostly sold, part of the plant 
sold, manner in which plants are harvested from the wild, identification of plants, problems 
associated with medicinal plants cultivation, permit system and acquisition of plant material. 
The mention of each plant species was accepted as valid, only if it was mentioned by a 
minimum of five respondents.  
2.2.3 Identification of plant material 
The collected plants were initially identified by vernacular names and then verified in the 
Department of Botany at the University of Fort Hare, with the help of the floristics work of 
South Africa (Bhat and Jacobs, 1995 and Dold and Cock, 1999). The use of vernacular names 
varied among HMPs and also from town to town. This was found to be unreliable and a repeated 
name on plant names was used. For plants with more than one common name, pictures obtained 
from the above mentioned books were shown to the respondents in order for them to provide the 
correct names.  
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2.3 Data analysis 
For quantitative analysis, descriptive statistics was used to evaluate the local importance of the 
plants species using the relative frequency of citations. Relative frequency of citation was used 
to find the probability between the number of people who gave citations to each species and 
number of all respondents. The results described medicinal plants use, plant parts used, scarcity 
and existence of plant species, prices of species, income, form of packaging, harvesting method 
and permit system. Frequency of citation was calculated as described by Singh et al. (2005). 
Relative frequency of citation (%) = FC/N x100 
Where FC is number of respondents who gave citations of each species and N is total number of 
informants interviewed. 
2.4 Results  
2.4.1 Total number of respondent from each town 
The results of this study revealed that majority of the respondents (25.3%) reside in Alice while 
22.8% were from King Williams Town and 19.2% were in Fort Beaufort. The least number of 
informants (14.2%) were from Stutterheim. About 38.2% of the respondents were customers 
while 33.9% were street vendors and 16.8% of them were traditional healers (Table 1). Few 
informants were plant collectors or harvesters. 
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Table 1:Total number of respondent in the study area. 
Town  Street 
vendors 
Traditional 
healers 
Customers Plant 
harvesters 
Total Percentage 
King William s 
Town 
19 3 10 5 37 22.8 
Alice  9 8 19 5 41 25.3 
Keiskammahoek 11 4 12 3 30 18.5 
Stutterheim 7 5 9 2 23 14.2 
Fort Beaufort 9 7 12 3 31 19.2 
Total 55 27 62 18 162  
Percentage (%) 33.9 16.8 38.2 11.1  100 
 
2.4.2 Socio-demographic characteristics of the respondents 
A significant percentage (69%) of the traditional medicinal practitioners were men while 31% 
were females (Table 2). The highest percentage (34%) showed that middle aged group (41-50) 
were mostly involved in the trade of medicinal plants. The lowest percentage (6.1%) in the 
medicinal plants trade were young people (20-30 years) generation. About 44.4% have received 
secondary education, while 28% of the informants attended primary school and 13% had Adult 
Based Education Training (ABET). Few informant did not receive any formal education in an 
organized school setting, who in most cases received their skills from elders. Most of the HMPs 
claimed that they obtained the information through their customers (33.5%) and their elders 
(22.4%) who are knowledgeable in herbal practice. About 17% of the informants receive 
information through the guidance of ancestors in dreams. 
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Table 2: Demographic characteristics of the respondents in the study area. 
Social characteristics                       Frequency                                 Percentage (%) 
Gender 
Male 
Females 
 
111 
51 
 
69 
31 
Total 162 100 
Age 
20-30 
31-40 
41-50 
51-60 
71-80 
 
10 
33 
55 
37 
27 
 
6.1 
20.37 
34 
23 
17 
Total 162 100 
Level of education 
ABET education 
Primary education 
Secondary education 
No education 
 
21 
46 
72 
23 
 
13 
28 
44.4 
14.3 
Total 162 100 
Source of information 
Ancestral 
Customers 
Elders  
Other 
 
28 
54 
36 
44 
 
17 
33.5 
22.4 
27.3 
Total 162 100 
 
2.4.3 Medicinal plants, packaging and prices recorded. 
All plant materials from the 67 genera in the 46 families are sourced from the wild by plant 
harvesters. In this study, 25 plants were identified as over-exploited and scarce (Table 3). Plants 
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were traded in a variety of forms as raw material (leaves, barks, root, tubers, bulb, corms, and 
stems). The plant materials were purchased as unprocessed fragmented material (chopped, 
chunks, slices) and semi-processed material such as powders, extracts and teas. Plant materials 
are usually packaged in bottles, newspaper, magazines papers, board boxes and stem coverings, 
were used to tie stems and roots. Customers complained about the hygienic conditions of the 
medicinal plants due to packaging material used, the storage form and display of the material on 
stands since majority of street vendors use old packaging material. The majority of the plants 
that were found to be scarce were those whose roots, tubers, corms, rhizomes are used as 
medicinal receipes. The prices of medicinal plants range from R5 – R100. Medicinal plants are 
usually priced in relation to their availability or difficulty of collection. The highest priced plants 
were those from rhizome, tubers and corms.   
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Table 3: Details of medicinal plants trading in the study area 
Scientific name  
and vernacular 
names of plants 
Family Plant 
parts 
used 
Form of packaging Medicinal use of 
the plants 
Most 
frequently  
plant form 
for trading 
(how it is 
sold) 
Scarcity of 
the plant in 
the market 
Prices in 
the 
market 
Acalypha 
glabrata Thunb.  
(Umthombothi) 
Euphorbiaceae Stem Stem are sold as chunks and 
are wrapped with newspaper 
Used for skin 
related problems 
10 stalks Not scarce R25 
Acridocarpus 
natalitius 
A.Juss.var. 
(Umaphope) 
Malpighiaceae Leaves Leaves are sold as raw 
material and wrapped with a 
newspaper 
Treatment of 
gastric related 
diseases 
5 handful of 
raw leaves 
Not scarce R40 
Agapanthus 
africanus (L.)  
(Isicakathi) 
Rutaceae Root Root are sold as chopped 
chunks and are wrapped 
with stem covering as rope 
To treat cold, 
coughs and 
rheumatism 
40 root stalks 
to make 
bundle 
Not scarce R20 per 
bundle 
Alepidea 
amatymbica   
Eckl.&Zeyh. 
(Iqwili) 
Apiaceae Rhizome Rhizome are sold as 
unprocessed and processed 
(ground powder, freshly 
grated)  
Abdominal 
cramps, to treat 
cold, coughs, 
wound, 
Per rhizome Scarce  R25  
per 
rhizome 
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rheumatism and 
headache 
Andropogon 
gayanus  
Kunth var.  
(Isiqungu)  
Poaceae Root and 
leaves  
Sold in ground fine powder 
in a small plastic bottle 
Used for the 
treatment 
diarrhoea 
250 g of 
plastic bottle 
Not scarce R50 
Araujia sericifera 
Brot. Impinda 
Apocynaceae Rhizome Rhizomes are sold as raw 
material (Fresh and dry) 
packaged in a newspaper 
Treatment of 
tuberculosis 
5 rhizome Not scarce R35 
Arcotis 
arcototoides 
(L.f.) O.Hoffm. 
(Ubushwa)  
Asteraceae Leaves  Dried leaves are sold as raw 
material and packaged in 
plastic bag   
Used for a 
treatment of 
epilepsy 
10 handful of 
plant 
material 
Not scarce R20 
Artemisia afra 
Jacq. ex willd 
(Umhlonyane) 
Asteraceae Corm Sold as unprocessed slices, 
powders and extracts and 
packaged in the old bottle  
Cough, colds, 
influenza, malaria 
and intestinal 
worms 
5 corms Not scarce R25 
Asparagus 
africanus (L.) 
Hoffmanns. 
(Ubulawu) 
Asparageceae Root Roots are ground into fine 
powder or extracts mixed 
with other plant species 
Help with fertility 
problems. 
250 g plastic 
bottle, 2L 
bottle 
Scarce R100 and 
R50 
extracts 
Bersama lucens Melianthaceae Bark or Bark is chopped into chunks Relieve menstrual 10 chunks Not scarce R35 
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(Hochst.) 
Szyszyl. 
(Isidiyandiya) 
root and root are chopped into 
stalks and are packaged into 
a newspaper 
pains, 
cardiovascular 
related diseases 
and cancer 
Boophone 
disticha (L.f) 
Herb. 
(Incwadi) 
Amaryllidaceae Bulb Bulb are sold as raw 
material package in old 
sacks 
To treat 
constipation and 
circumcision 
wounds 
Per bulb 
 
 
 
Scarce R15 
Bowiea volubilis 
Harv.Ex.Hook.f. 
(Umagaqana) 
Hyacinthaceae Bulb Bulb are sold as raw 
material and packaged in a 
plastic bag 
To treat male 
impotence, 
asthma, lower 
back pains 
Per bulb Scarce  R30 
Bulbine 
natalensis Baker.  
(Ingcelwane)  
Aspholadeaceae Leaves Leaves are sold as ground 
fine powder or as raw 
material and are packaged 
in a plastic bag depending 
on the specification of the 
sickness 
Bath with it for 
protection against 
witchcraft 
15 
tablespoon of 
fine powder 
Not scarce R35 
Carpobrotus 
edulis (L.) L. 
Bolus.  
(Igcukuma) 
Aizoaceae Leaves 
and roots 
Leaves and roots are ground 
into fine powder and poured 
into plastic containers 
Stomach 
complains and 
boost immune 
system 
250 g bottles  Not scarce R50 
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Cassipourea 
flanaganii 
(Schinz.) 
(Umemezi) 
Rhizophoraceae Bulb Bulb are sold as raw 
material packaged in a box 
Protection of skin 
against sun rays  
 
Per bulb Not scarce R10 
Chilianthus 
olearaceus Burch. 
(umgeba) 
Buddlejaceae 
 
Leaves  Sold as dried leaves or 
ground into fine powder or 
extract 
Cold, fever, flu, 
diabetes and 
tuberculosis 
250g in a 
bottle 
Not scarce R50 
Cilvia miniata 
[Lindl.] Regel. 
(Umgwebeleni) 
Amaryllidaceae Root Root are sold as 
unprocessed fragment 
material (stalks) 
High blood 
pressure 
Per bundle Scarce R45 
Cinnanomum 
camphora (L) 
J.presl. 
(Uroselina) 
Lauraceae Bark and 
root 
Bark and root are chopped 
into chunks and packaged in 
a newspaper 
Vomiting, 
headache and 
cleansing of the 
blood 
10 chunks,  
20 roots  
Not scarce R25  
Clematis 
brachiata Thunb 
(Ithyolo) 
Ranunculaceae Leaves Leaves are sold as ground 
powder in a plastic bottle 
Chest ailments, 
coughs, 
headaches, 
malaria and ease 
sinus. 
250g bottle 
of ground 
plant 
material 
Scarce R100 
Dioscorea 
sylvatica Eckl.  
(Isifundo) 
Dioscoreaceae Tuber It is sold as unprocessed 
fragmented material (chips) 
and packaged in a box 
Ritual wash and 
chest pains 
Per tuber  Scarce R25 
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Elephantorhiza 
elephantina 
(Burch.) Skeels. 
(Intolwane) 
Fabaceae Root Root are ground into fine 
powder and packaged in a 
plastic bag 
Heart related 
disease and 
treatment of 
intestinal disorder 
10 
tablespoon of 
ground 
material 
Not scarce R35 
Embelia krausii 
Harv. 
(Imboasia) 
Primulaceae Leaves Leaves are ground into fine 
powder and are sold as 
extract in a bottles 
Used to get rid of 
food poisoning. 
2L Bottle, 10 
tablespoon of 
fine ground 
material 
Not scarce R40 
bottle, 
R25 
powder 
Eucomis 
autumnalis (Mill.) 
Chitt  
(Isisithibala) 
Asparagaceae Bulb Bulb are sold as raw 
material and wrapped in a 
newspaper 
To treat lower 
back ache and aid 
in healing of 
fracture 
Per bulb Scarce R30 
Euphorbia 
bupleuforia Jacq. 
(Intsema) 
Euphorbiaceae Leaves 
and roots 
Roots are sold as chunks 
and leaves are ground into 
fine powder and packaged 
in a newspaper 
Skin disorders, 
cancerous sores 
and cracked skin. 
1 bundle of 
roots. 5 
tablespoon of 
ground 
leaves  
Scarce R75 each 
bundle,  
R45 
ground 
leaves  
Ficus capensis 
Thunb.   
(Ikhiwane) 
Moraceae Leaves Leaves are ground into fine 
powder and packaged in a 
plastic bag or news paper 
Skin problems. 5 tablespoon Not Scarce R10 
Gasteria bicolor 
var. liliputana  
Asphodelaceae Leaves Leaves are sold as raw  
material and as semi 
Fever and flu, 
Prophylactic 
2L bottle,  
2 handful of 
Scarce R100 
bottle and 
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Intelezi processed material (extract 
and tea) 
purposes, to 
banish evil spirits 
and treatment of 
HIV patients 
plant 
material 
R35 
handful 
material 
Geranium 
ornithopodium 
Eckl. & Zeyh.  
(Inkhambi 
lesinhlungu) 
Geraniaceae Leaves  Leaves are ground into fine 
powder and packaged in a 
small plastic container 
Used for the 
treatment of 
diarrhoea 
250g 
container 
Not scarce R55 
Gnidia capitata 
L.f. 
(Umsilawengwe) 
Thymelaceae Root and 
stem 
Roots and stem are chopped 
and mixed together wrapped 
with stem covering and 
boiled together 
Used for 
constipation, 
boils, burns, 
snake bites, 
coughs, insanity 
and poor appetite. 
Can be used as 
toothache, 
earache and 
treatment of 
sexually 
transmitted 
disease 
30 stalks of 
roots and 
stem 
Scarce R80 
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Gunnera 
perpensa L. 
(Iphuzi 
lomlambo) 
Gunneraceae Bulb and 
leaves 
Leaves are ground into fine 
powder and packaged into 
plastic bag 
Induce labour, 
rheumatoid, pains 
and stomach 
ailments 
5 bulbs Scarce R20 
Haemanthus 
albiflos Jacq. 
(Umathunga) 
Amaryllidaceae Bulb Bulb is sold as raw material 
wrapped with newspaper 
Chronic cough, 
healing of broken 
bones and healing 
of operation after 
birth 
Per bulb Not scarce R8 
Helichyrysum 
gymnocomum 
(DC.) Hump. 
(imphepho) 
Asteraceae Roots Chopped roots are wrapped 
with stem covering 
Infections of the 
skin, colds, 
coughs and 
wounds 
30 stalks of 
roots  
Not scarce R10 
Helichrysum 
nudofolium (L.) 
Less.  
(Icololo) 
Asteraceae Leaves Leaves are sold as raw 
material and packaged in a 
newspaper 
For cold and 
fever 
10 handful  
of raw 
material 
Not scarce R20 
Helichrysum 
penducalatum  
Hillard and B.L. 
Burtt. 
 (Isiciwe) 
Asteraceae Leaves  Leaves are ground into fine 
powder and packaged in a 
plastic container 
To treat 
circumcision 
wounds 
20 
tablespoon  
of ground 
material 
Not scarce R25 
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Hippobromus 
pauciflorus (Lf) 
(Umfazi 
onengxolo) 
Sapidaceae Bark Bark are chopped as chunks 
are ground into fine powder 
and wrapped in newspaper 
or magazine papers 
Relieves cough, 
eye problem, 
dysentery and 
headache 
15 chunks Not scarce R35 
Hydonora 
africana Thunb. 
(Umafumbuka) 
Hydnoraceae Bulb Sold as raw material.   Fever, asthma, 
constipation, 
oesophageal 
cancer and 
hypertension 
Per bulb Not scarce R10 
Hypoxis Argentea 
Harv. Ex Baker. 
(Inongwe) 
Hypoxidaceae Rhizome Fresh rhizome are grated or 
chopped into slices and 
dried rhizome are ground 
into fine powder, and 
poured into plastic bag, or 
mixed with other plant 
species and poured into 2L 
bottles depending on self- 
medication of customer 
Common cold 
and flu, 
hypertension, 
urinary tract 
infections and 
testicular 
infections 
1 tuber Scarce R20 per 
tuber 
Hypoxis filifolia 
Elliot. 
(Ikhubalo) 
Hypoxidaceae Bulb Sold as raw material  High blood 
pressure, 
diabetes, acne, 
arthritis and skin 
Per bulb Scarce R20 
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rashes 
Hypoxis 
hemerocallidea  
Fisch., C.A. Mey. 
& Ave-Lall 
(Umhlaba) 
Hypoxidaceae Corm Sold as unprocessed 
fragmented material (slices) 
or into powders or may be 
extracted in water and 
mixed with other plant 
species 
Common cold, 
flu, fever 
hypertension, 
testicular tumours 
and central 
nervous system 
disorders 
Per corm Scarce R25 
Ilex mitis (L.) 
Radkl. (Isidumo) 
Aquifoliaceae Bark Chopped into chunks and 
wrapped with old magazines 
pages 
Eczema and 
purgative 
10 chunks Scarce R80 
Kedrostis 
foetidissima 
(Jacq.) Cogn. 
 (Utivishe) 
Curcubitaceae Tuber They are sold as raw 
material or chips depending 
on customer requirements 
To treat coughs, 
colds, fever and 
bronchitis 
Per tuber Not scarce R10 
Lasiosiphon 
capitatus (L.f.) 
Burtt Davy. 
Umdlavuza 
Thymelaeceae Bark Bark are chopped into 
chunks and wrapped in a 
newspaper 
Used for 
detoxification. 
5 chunks of 
bark 
Scarce R100 
Ledebouria sp 
(Hook.f) Jessop 
(Ingwebeba) 
Hycinthaceae Bulb Bulb as raw material and 
packaged in a card box for 
circulation 
Complications 
during pregnancy 
and diarrhoea, 
Per bulb Scarce R45 
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influenza 
Ocotea bullata  
(Burch.) Baill. 
(Umnukane) 
Lauraceae Bark Bark are sold as raw 
material and stored in a card 
box 
It is used as a 
remedy for 
headache, for 
treatment of 
pimple and 
urinary tract 
disease 
5 chunks of 
bark 
Scarce  R100 
Olea europea L. 
(Umquma) 
Oleaceae Bulb Sold as a raw bulb or as 
extracts in the bottles 
Diarrhoea and 
sore throats 
Per bulb Not scarce R5 and 
R30 
extracts 
Pelargonium 
reniforme Curtis 
(Intotolwana) 
Geraniaceae Rhizome Rhizome are chopped into 
slices and sold as extract 
into bottle or mixed with 
other plant species  
Dysentery 5 rhizomes  Scarce R70 
Pentanisia 
prunelloides 
(Klotzsch. ex 
Eckl&Zeyh.) 
Walp. 
(Isicimamlilo) 
Rubiaceae Tuber  Fresh tubers are sliced into 
chunks and wrapped with 
newspaper or magazines 
papers, dried tuber are 
ground into powder form 
and stored in plastic bags 
Use for swelling, 
relieve chest 
pains, 
hypertension, sore 
joints and 
rheumatism 
Per tuber Not scarce R20 per 
tuber 
Physalis Scophulariaceae Leaves Leaves are sold as extract in For treatment of 2L  Not scarce R35 
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peruviana L. 
(igquzu) 
and bulb a 2L bottle and bulb are sold 
as raw material 
asthma, malaria 
and rheumatism 
Protorhus 
longifolia 
(Bernh.)  Engl. 
(Ikhubalo) 
Anacardiaceae Leaves  Leaves are sold as 
unprocessed and extracts 
Heart burn, 
stomach ache and 
bleeding gums 
2L bottle Scarce R55 
Psidium guajava 
L. (Gwava)  
Myrataceae Leaf or 
bulb 
Bulb and leaves are sold as 
raw material or extract, in a 
plastic bottles 
Diarrhoea, 
diabetes, ulcers 
and boils 
Per bulb and  
2 handful 
raw leaves  
Not scarce R5 per 
bulb, 
leaves  
Ptaeroxylon 
obliquum 
(Thunb.) Radlk. 
(Umpafa) 
Rutaceae Leaves Leaves are sold as extract 
and mixed with other plant 
species and packaged in 
plastic bottle 
Used for 
treatment of 
cough and 
tuberculosis 
2L bottle Not scarce R35 
Rapanea 
melanophloes (L.) 
Mez (Umemezi) 
Myrsinaceae Bark Chopped chunks and fine 
powder and packaged into 
plastic bag 
Used for 
respiratory tract 
problem, Stomach 
ache, muscular 
tension reliever 
and heart 
complains 
10 chunks  Scarce R65 
Rhoicissus 
digitata (l.f) Gilg 
Vitaceae Tuber Tubers are chopped into 
chips and sold as extracts 
Ease the delivery 
and birth related 
Per tuber Not scarce R15 
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and Bradt 
(Uchithibunga) 
and are mixed with other 
plant species and package in 
bottles 
illness 
Rhoicissus 
tomentosa (Lam) 
Wild and R.B. 
Drumm. 
(Umphindabamsh
aye) 
Vitaceae Tuber Chopped into chips or sold 
as raw material and 
wrapped in newspaper 
Hypertension and 
headache 
5 tubers Not scarce R40 
Rumex 
lanceolatus 
Thunb. 
(Idolo) 
Polygonaceae Leaves Leaves are ground into 
powder and as extracts, 
packaged in a plastic bottles  
Increase blood 
flow and 
treatment of 
diseases 
250 g of 
ground 
powder 
Not scarce R35 
Senecio 
coronatus 
(Thunb.) Harv. 
(Iyeza lamasi) 
Boraginaceae Root Roots are sold as powder in 
a plastic bag 
Used for weaning 
babies and 
detoxification for 
human poisoning  
10 table 
spoon full of 
a powder 
Scarce R55 
Solanum 
aculeastrum 
Dunal.  
(Umthuma) 
Solanaceae Root and 
bark 
Sold as chunks, chopped or 
ground into fine powder and 
packaged into a newspaper 
Dysentery 20 chunks or 
stalks 
Not scarce R15  
Strychnos Loganiaceae Bark Chopped into chucks and Rheumatism, 10 chunks Not scarce R35 
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henningsii Gilg. 
(Umnonono) 
packaged into a newspaper gastrointestinal 
pain, malaria and 
diabetes mellitus 
and menstrual 
pains 
Talitum caffrum 
Gilg (Umhlabelo) 
Portulacaceae Bulb Sold as raw material in a 
card box 
Leishmaniasis Per bulb Not scarce R7  
Trichilia 
dregeana Sond. 
(Isibara) 
Meliaceae Bark Bark are sold as chunks and 
are wrapped with newspaper 
Is used for 
stomach ache and 
back ache, kidney 
related diseases 
10 chunks Not scarce R40 
Tulbhaghia 
alliaceae L.f. 
(Umwelela) 
Alliaceae Rhizome Rhizome are sold as raw 
material 
Hypertension, 
fever, influenza, 
tuberculosis and 
expel intestinal 
worms  
10 rhizomes Not scarce R80 
Typha capensis 
(Rohrb) N.E.Br. 
(Inqoboka) 
Typhaceae Rhizome Sold as fresh and dried 
rhizome and put into card 
box 
Diarrhoea and 
dysentery 
5 rhizomes Not scarce R10 per 5 
rhizomes 
Vernonia 
mespillifolia Less.  
(Uhlungungu) 
Asteraceae Leaves 
and roots 
Leaves and roots are ground 
into fine powder or are sold 
as extracts depending on the 
Hypertension and 
treatment for 
infertility 
2L bottle Not scarce R35 
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sickness of a customer 
Warburia 
salutaris 
(Bertol.f) Chiov. 
(Isibhaba) 
Cannelaceae Stems 
and roots   
Stems and roots are 
chopped into chunks and tie 
with stem covering to put 
them together 
Rheumatism, 
headache, 
Treatment of 
sores in the 
mouth, clear 
sinuses and 
malaria 
20 stalks in a 
bundle 
Scarce R50 
bundle 
Xysmalobium 
undulatum (L.) 
Aiton.f.var. 
(Ishongwe) 
Asclepiadiaceae Root Root are sold as 
unprocessed material and 
wrapped with newspaper 
Dysentery and 
headache 
30 stalks of 
roots 
Not scarce R30 
Ziziphus 
mucronata Willd. 
(Umphafa) 
Rhamnaceae Root, 
bark and 
leaves 
Depending on the self-
medication of the customer. 
Root and bark and leaves 
are packaged differently 
(slices, chunks and extract) 
Hypertension, 
chest pain relief 
and it act as a 
pain reliever 
2 L 
5 chunks of 
bark 
Powder 
Not scarce R60 
R35 
R45 
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2.4.4 Distribution of plant family traded by Medicinal plant Practitioners 
The families of medicinal plants commonly traded in the study area are shown in Figure 2. The 
outcome of the survey revealed that 47 plant families are commonly sold for medicinal purposes 
in the study area. Asteraceae with six species is the most commonly sold medicinal plant family 
in the study area. Hypoxidaceae, Vitaceae and Amaryllidaceae with 3 species each, were 
mentioned as the second commonly sold families in the study area. 
 
2.4.5 Frequency of species mentioned 
Helichyrysum gymnocomum, Alepidea amatymbica, Artemisia affra, Hypoxis hemerocallidea, 
Strychos hennigsii, Eucomis automanalis, Gunnera perpensa, Hypoxis filifolia Ilex mitis, 
Clematis brachiate and Asparagus africanus were the most frequently encountered species from 
162 traders interviewed (Table 4). Helichrysum gynococcum was the most sought after plant by 
HMPs because it is believed that every household should have the plant for spiritual purposes 
and it is mostly used by traditional healers to communicate with their ancestors. The present 
study showed that Alepidea amatymbica is the mostly used medicinal plant due to its potential 
for the treatment of hypertension and heart related diseases hence it became scarce in the 
province.  
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Figure 2: Distribution of plant family traded by Herbal Medicinal Practitioners 
  
0
1
2
3
4
5
6
7
Ru
bi
ac
ea
e
A
pi
ac
ea
e
H
yp
ox
id
ac
ea
e
A
iso
ca
ce
ae
Ty
ph
ac
ea
e
So
la
na
ce
ae
A
ste
ra
ce
ae
Bu
dd
le
ja
ce
ae
Lo
ga
ni
ce
ae
Po
rtu
la
ce
ae
H
yd
no
ra
ce
ae
O
le
ac
ea
e
G
un
ne
ra
ce
ae
M
yr
at
ac
ea
e
V
ita
ce
ae
Sc
op
hu
la
ric
ea
e
A
lli
ac
ea
e
Ra
nn
ul
ac
ea
e
Ru
ta
ce
ae
M
el
ia
ce
ae
Fa
ba
ce
ae
A
sp
ar
ag
ac
ea
e
A
m
ar
yl
lid
ac
ea
e
D
io
sc
or
ac
ea
e
A
sp
ho
la
da
ce
ae
M
yr
sin
ac
ea
e
G
er
an
ia
ce
ae
M
or
ac
ea
e
Ca
nn
el
ac
ea
e
Cu
rc
ub
ita
ce
ae
Rh
am
na
ce
ae
Bo
ra
gi
na
ce
ae
Th
ym
el
ac
ea
e
Po
ac
ea
e
M
al
ph
ig
hi
ce
ae
Pr
im
ul
ac
ea
e
La
ur
ac
ea
e
Eu
ph
or
bi
ac
ea
e
A
na
ca
rd
ia
ce
ae
H
yn
th
ac
ea
e
A
po
cy
na
ce
ae
Rh
iz
op
ho
ra
ce
ae
Sa
pi
da
ce
ae
A
sc
le
pi
ad
ia
ce
ae
A
qu
ifo
lia
ce
ae
po
ly
go
na
ce
ae
M
el
ia
nt
ha
ce
ae
N
um
be
r o
f s
pe
ci
es
Family names             
46
 
 
    
  47   
  
Table 4: Frequency of scarce species encountered among surveyed areas and respondents  
Scientific name  Vernacular / indigenous 
name  
Frequency of species 
mentioned (%) 
Helichyrysum gymnocomum  Imphepo 100% 
Alepedia amtymbica  Iqwili 91% 
Artemisia afra  Umhlonyane 89% 
Hypoxis hemerocallidea  Umhlaba  84% 
Strychnos henningsii  Umnonono 75% 
Eucomis automanalis  Isithithibala 67% 
Gunnera perpensa  Iphuzilomlambo 63% 
Hypoxis filifolia  Ikhubalo 60% 
Ilex mitis   Isidumo 60% 
Clematis brachiate  Ithyolo 50% 
Asparagus africanus  Ubulawu 47% 
Boophone disticha  Incwadi 38% 
Dioscorea sylvatica  Isifundo 33% 
Gasteria bicolor  Intelezi 28% 
Rapanea melanophloes  Umemezi 27% 
Pelargonium reniforme  Intotolwane 25% 
Warburia salutaris  Isibhaba 25% 
Senecio coronatus  Iyeza lamasi 23% 
Gnidia capitata  Umsilawengwe 23% 
Octea bullata  Umnukane 20% 
Lasiosiphon capitatus  Umdlavaza 20% 
Euphorbia bupleuforia  Intsema 20% 
Protorhus longifolia  Ikhubalo 20% 
Ledeboria sp  Ingwegweba 15% 
Bowiea volubilis  Umagaqana 11% 
 
2.4.6 Plant parts used for trade 
The different plant parts sold in the herbal market in the study area are depicted in the pie chart 
shown in Figure 3. The leaves were most frequently sold (23%), followed by roots (17.9%), 
rhizomes (15.3%), bulbs (13.1%) and bark (11.9%). A smaller  propotions of whole plants, 
tubers,  stem, corm were also sold (Figure 3). 
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Figure 3: Plant parts (%) used and traded for medicinal purposes  
 
2.4.7 Sources, reasons for buying and cultivation of medicinal plants 
According to information gathered in this study, 44% of the respondents buy their plants from 
street vendors and 19.7% personally collect plants from the wild. Five and a half percent (5.6%) 
collect plants from their backyard gardens while 25.3% buy from the harvesters directly. 
Information on the reasons for buying plants in the study area is contained in Table 5. Forty 
seven and half percent (47.5%) buy medicinal plants due to scarcity. The information obtained 
in this study on the reasons for cultivation of medicinal plants revealed that 35.1% of the 
informants cultivate frequently used plants while 27.7% cultivate plants that produce high yields 
faster like herbaceous plants. Eighteen percent (18%) of the informants cultivate plants that are 
very scarce and costly in the markets. 
Roots
18%
Leaves
23%
Rhizome
15%
Bulb
13%
Corm
3%
Bark
12%
Stem
3%
Tuber
6% Whole plant
7%
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Table 5: Sources, reason for buying and cultivation of medicinal plants 
Sources of 
medicinal 
plants  
Frequency % Reason for buying medicinal 
plants 
Frequency % Reason for cultivation Frequency % 
Buy from 
street  
vendors 
71 44 Scarcity due to over-exploitation 
and the distance to collect 
medicinal plants has increased, it 
is also difficult to get medicinal 
plants in urban areas   
77 47.5 Easily cultivated and have quick 
yields, usually cultivated 
herbaceous plants not plants were 
roots, corm, rhizome are used  
45 27.7 
Self-
collection 
from  wild  
32 19.7 Guidance from the ancestors,  
Disbelief from plant harvesters, 
Bought wrong medicinal plants 
from vendors 
19 11.8 Daily used plants or frequently 
used plants 
57 35.1 
Collect 
from back 
yard 
gardens  
9 5.5 Plants must be used fresh, use of 
plants on a daily basis to chase 
away evil spirits, reduce distance 
they travel to collect medicinal 
plants 
16 9.9 Very scarce and costly in the 
herbal market 
29 18 
Buy from  
medicinal 
plants 
harvesters  
41 25.3 It saves time, it is easy to get 
scarce medicinal plants from 
harvesters   
11 6.8 Easily perishable  9 5.6 
No 
response 
7 4.32 Plants do not grow in the 
neighbourhood wild areas or 
forests 
34 21 Plants must be used fresh  21 13 
Others 3 1.85 Have no idea on the medicinal 
plant usage, get prescription from 
the vendors 
6 3.7 No response 2 1.2 
Total 162 100  162 100  162 100 
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2.4.8 Distance travelled by Traditional Medicine Practitioners to collect medicinal plants  
The distance travelled by plant harvesters to obtain medicinal plants varied among harvesters in 
the study area (Figure 4). The distance ranged from 5 km to more than 25 km. Twenty eight 
percent (28%) of the traditional medicinal practitioners travel considerable distance (15-20 km) 
while 25% had to travel 10-15 km before they could obtain medicinal plants. Some HMPs travel 
up to 25 km and above to get plant materials.  
 
 
Figure 4: Distance travelled by Traditional Medicine Practitioners to collect medicinal plants  
 
2.4.9 Harvesting frequency  
The result of the survey revealed that 36% of the herbal medicinal practitioners harvest 
medicinal plants on a daily basis while 33% of them harvest only on demand. However, few 
other herbal practitioners (20%) harvest these plants once a week and others (11%) collect these 
herbs once a week (Figure 5).  
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Figure 5: Harvesting frequency of medicinal plants by herbal medicine practitioners. 
 
2.4.10 Awareness of the scarcity of wild medicinal plants and willingness to buy cultivated 
medicinal plants  
Seventy six percent (76%) of the respondents were aware of the scarcity of the medicinal plants 
in the study area while 18.5% are unaware (Table 6). On willingness of herbal practitioners to 
buy cultivated species of medicinal plants, 27.2% were willing while a majority of them 
(69.14%) are unwilling and few (3.7%) were indifferent on this matter.  
Table 6: Scarcity and willingness to buy cultivated medicinal plants  
Awareness Scarcity  Willingness to buy cultivated 
medicinal plants  
Frequency % Frequency  % 
Yes  123 76 44 27.2 
No  30 18.5 112 69.14 
No response  9 5.5 6 3.7 
Total 162 100 162 100 
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2.4.11 Income derived from the trade in medicinal plant 
The income generated from the trade in medicinal plants varied between traders and ranges from 
R100 to R2500 and above per month (Figure 6). Twenty percent of traders earn R2000-R2500 
per month while others 20% did not respond about their income. Some traders (18%) had an 
income of R500-R1000 per month. Twelve percent of the respondents reported an income in 
R100-R500 and R1500-R2000 range. Few respondents were at an income range of R2500 and 
above. However, 20% of the traders were unwilling to disclose their monthly earnings from the 
trade. 
 
     
    Figure 6: Average monthly income of medicinal plants by traditional medicinal practitioners. 
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2.4.12 Problems associated with medicinal plants cultivation among traditional Medicinal 
practitioners  
The reason why cultivated medicinal plants are less patronized by herbal practitioners are 
depicted in Figure 7. Forty one percent (41%) of the herbal practitioners believe that cultivated 
medicinal plants are less potent while 19% blame it on the lack of cultivation techniques. No 
time to maintain cultivated medicinal plants (13%), lack of cultivation materials (7%) and lack 
of labour (3%) are other reason for not cultivating medicinal plants in the study area. 
 
 
Figure 7: Problems associated with medicinal plants cultivation among traditional Medicinal 
practitioners.  
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2.5 Discussion 
The study revealed that males are into medicinal plant trade than females. This trend could be 
attributed to the fact that most men in the study area are unemployed while the females may not 
show interest because the majority of women in South Africa receive children social grant from 
government. It was also observed that men are mostly involved in the collection of medicinal 
plants in the study area. This could be attributed to the fact that men are stronger and courageous 
to travel long distances into the forest to source for medicinal plants. Also, in the Xhosa 
traditional heritage, men are saddled with laborious duties while women are meant for light 
domestic chores. Generally, the aged are mostly engaged in medicinal plants trade than the 
youth. Information available from this study opined that the youth show little or no concern in 
the trade. This trend, if it continues, may lead to steady or rapid loss of herbal indigenous 
knowledge for future generations. A great majority of the inhabitants in the study area strongly 
believe in their herbal medicine in spite of their educational background. Similar findings were 
also reported by Bhat (2014) who argued that great majority of Xhosa people believe in 
traditional medicine despite their level of education. 
The most commonly traded or sold plant families (Figure 2) in this study could be sole reason 
why mentioned species are scarce in the study area. Their scarcity resulted from over reliance 
and overexploitation. Previous ethno- medicinal survey or inventories also confirmed Asteraceae 
as a major family commonly used in phytotherapy in the province (Wintola and Afolayan, 2010; 
Omoroyi et al., 2012). 
The medicinal plants with the highest frequency of citations (Table 4) are Helichrysum 
gymnoccocum, Alepidea amatymbica, Artemsia afra, Hypoxis hemercallidea and Strychos 
henningsii. These species are over utilized for the treatment and management of several ailments 
in the study area. The mode of harvesting these species from the wild species is by destructive 
mechanism which pose a threat to their survival and sustainability. This trend was also reported 
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by Dold and Cocks (2012) who observed a declining number of species due to unsustainable 
harvesting of medicinal plants. In accordance with Dold and Cocks (2002), Helichrysum 
odoratissimum is ranked the 5th most traded species in the Eastern Cape Province but in this 
study another species in the genus Helichrysum gymnococcum was found to be the most traded 
species. This suggests that Helichrysum genus is well utilized for medicinal purposes. 
Alepidea amatymbica in this study had the frequency of occurrence of 91% and is also one of 
the most exploited medicinal plants in the province. Reports of previous investigators rank A. 
amatymbica as the 5th most sold medicinal plants in the Limpopo Province while it is ranked 2nd 
in KwaZulu-Natal Province of South Africa (Mander, 1997; Mander, 1998b; Moeng and 
Potgieter, 2012). According to Dold and Cocks (2002), A. amatymbica is scarce, highly traded, 
expensive and near threatened because of its over dependence in herbal medicine. 
The study revealed that medicinal plants in the province are becoming expensive due to scarcity 
which could be attributed to their declining populations. To access these plants, harvesters have 
to travel long distances into the bush. This decline could be as a result of anthropogenic 
activities and urbanization which causes destruction of forest and bushes and overexploitation of 
plants (Oladele et al., 2008; Omobuwajo et al., 2008; Kisangu and Kokwaro, 2004). Another 
factor which could also cause a decline in medicinal plants in the Province is the attitude of the 
harvesters who show little or no concern with their mode of harvesting. They use destructive 
measures without allowing for the future regrowth of the plants. This is because they are only 
concerned with the financial benefit rather than long term benefits of conserving plants. This 
study supported Dold and Cocks (2002) that reported that 93% of the species traded in Eastern 
Cape were harvested unsustainably. Underground parts are partly and or entirely removed which 
could result to the death of the plants. Magoro (2008) reported that harvesting methods by 
uprooting medicinal plants has detrimental effect on their population structure due to exposure 
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of the entire root as in the case of bulbs. Such harvesting techniques have damaging effects on 
the plants. 
The study also revealed that Herbal Medicinal Practitioners are aware of the existence and 
scarcity of medicinal plants in the study area (Table 6). The practice of overharvesting plants 
that are scarce with the intentions to hoard and resale them at expensive prices later is an 
identified problem which could lead to the depletion of these important plants. This agrees with 
Street et al. (2008), that plants harvested form wild populations are being threatened and causes 
fluctuation on plant biodiversity. Plant harvesters are not aware of species that are protected due 
to lack of enforcement of conservation laws and this has resulted in a huge pressure on 
medicinal plants thus leaving little or no remedy on the situation (Mander et al., 1998a). 
The study revealed that herbal medicinal practitioners can earn up to R2500 and above in herbal 
market. This is an indication that  cultivation of medicinal plants as a tool for conservation has a 
good market potential in improving the socio-economic lives of people in the Eastern Cape 
Province of South Africa. Cultivation of medicinal plants could generate financial empowerment 
and employment opportunities for teeming unemployed populace in the province (Mahonge et 
al., 2006).  
Cultivation as part of conservation efforts of these popular species is therefore essential to 
relieve the pressure of wild populations of medicinal plants (Moeng and Potgieter, 2012). 
However, it is observed in this study that disbelief on the potency of cultivated plants and lack 
of cultivation techniques were the most significant constraints to medicinal plant cultivation. 
Similar results were also reported by several researchers that cultivated plants are not effective 
as compared to wild plants (Wiersum, 2006; Cunninghum, 1993). Crouch and Edwards (2004) 
reported that local cultivation has been hindered by several constraints most notably lack of 
irrigation water, difficulties in propagation and lack of skilled labourers. It was also observed 
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that herbal plant practitioners are reluctant in cultivating plants with underground parts such as 
rhizome, corm and bulb because it does not result in quick yield. If best cultivation practice 
methods are adopted, the potency of cultivated plants can be successfully pioneered and this will 
assist in the conservation strategy of these important natural resources (Oladele et al., 2008) and 
also help to reduce undue pressure on the wild source.  
2.6 Conclusion 
Helichyrysum gymnocomum, Alepidea amatymbica, Artemisia afra, Hypoxis hemerocallidea and 
Strychos hennigsii were the top five common medicinal plants that are frequently encountered in 
the medicinal plant trade. Presently, harvesting of medicinal plants is indiscriminate, destructive 
and unsustainable for many species. To ensure long-term survival of the species, cultivation 
methods and sustainable harvesting techniques for plant parts (of scarce species) should be 
introduced and encouraged to all people involved in medicinal plant trade. Lack of cultivation 
techniques and disbelief on the potency of cultivated plants was the most significant constraint 
to medicinal plant cultivation. It is therefore, crucial to scientifically validate this claim or 
information on the potency of cultivated medicinal plants through phytochemical screening, 
anatomical differences and toxicological studies. 
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3.1 Introduction 
The intensive harvesting of wild medicinal plants has resulted in over-exploitation which is a 
primary threat to biodiversity (Williams et al., 2000). Over-exploitation of wild medicinal 
plants is mainly for commercial trade which has become a form of self-employment in many 
rural areas (Afolayan and Adebola, 2004). Rock et al. (2004) reported that medicinal plant 
species where underground parts are used are being exploited in natural habitats. Alepidea 
amatymbica is one such plant species that is heavily harvested and threatened by trade 
(Williams, 2007). Alepidea amatymbica is widely distributed in the grassland of the Eastern 
Cape, KwaZulu-Natal and Mpumalanga Provinces of South Africa and other Southern African 
Development Community (SADC) countries, such as Swaziland, Lesotho and Zimbabwe. The 
plant generally grows in riparian zones, along drainage lines, and forest margins at about 850-
2500 mm above sea level (De Castro and Van Wyk, 1994).  
Alepidea amatymbica has long history of traditional use for the treatment of conditions such as 
asthma, cold, cough, influenza, sore throat, chest pains, headache, diarrhoea, wounds, 
rheumatism and stomach ache (Hutchings et al., 1996; Somova et al., 2001; Maroyi, 2008; 
Afolayan and Lewu, 2009). In Zimbabwe A. amatymbica is considered the tenth most 
recognised medicinal plant and is usually used for the remedy of asthma and cough. The 
extracts of A. amatymbica have also been reported to be active against Human 
Immunodeficiency Virus (HIV) related diseases (Louvel et al., 2013). Important compounds 
like Kaurene type diterpenoids and their derivatives as ent-9, (11)-dehydro-16 Kauren-19-oic 
acid are known to constitute up to 11.8% of A. amatymbica rhizome and root dry mass (Van 
Wyk and Geriecke, 2000).  
The high demand for A. amatymbica rhizome by traditional healers and herbalists has caused 
extensive harvesting which has resulted in the scarcity of the plant (Dold and Cocks, 2002; 
Moeng and Potgieter, 2012). According to Mander (1998), A. amatymbica was sold annually 
    
  66   
  
in the KwaZulu-Natal region and was ranked as the second most frequently traded herbal 
plant that is in demand in that province. Dold and Cocks (2002) reported that A. amatymbica 
is regarded as the most prevalent plant in Eastern Cape markets and estimated that more than 
1200 tonnes is sold annually in the region. Due to its popularity in the markets, A. amatymbica 
harvesters travel to distant locations in the wild searching for it so that it can be available to 
consumers (Williams et al., 2008). Alepidea amatymbica is being imported from 
Mozambique, Botswana, Zimbabwe and Lesotho to South Africa where is very scarce 
(Letsela, 2004). According to the Red List of South African Plants (Raimondo et al., 2010), 
there has been a drastic decline in the number of A. amatymbica. The population is estimated 
to have declined by at least 30% over the last three generations of plant species due to 
persistent harvesting pressure for the medicinal trade and some loss of suitable habitat for 
afforestation and cultivation (Raimondo et al., 2010). O’ Connor (2004) also reported that A. 
amatymbica can be very common, however its distribution has reduced due to overharvesting 
impacts on the plant. Due to the threat to its survival A. amatymbica is of conservation 
concern in South Africa. One of the potentially effective measures for stemming over-
exploitation of this plant is to encourage its propagation and cultivation. 
The successful cultivation of medicinal plants is determined to a large extent by germination 
ability of the seeds (Kulkarni et al., 2005). However, the seeds of A. amatymbica have 
morphophysiological dormancy, which make the germination of seeds difficult unless 
physiological dormancy is broken (Baskin and Baskin, 1998). According to Mulaudzi et al. 
(2009) temperature, light, cold scarification, smoke solution and chemical substances can 
break the physiological dormancy of A. amatymbica after storing for three years. Seedling 
production through micropropagation of rhizomes as explants and at appropriate planting 
depth has been reported by many researchers for Laccosperma secundiflorum (Kouakou et al., 
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2009), Miscathus giganteus (Pyter et al., 2010), and Tussilago farfara (Dalbato et al., 2014) 
to improve cultivation.  
Planting depth of rhizomes is an important factor in crop propagation practices because it 
influences the time of shoot emergence, vigour and establishment (Mariga and Molatudi, 
2009). Rhizome length and depth were found to influence the establishment of M. giganteus 
(Christian and Haase, 2001) and Pyter et al. (2010) also reported that burial depth of rhizomes 
was an important factor in determining yields in this species. Burial of the rhizome may 
greatly affect survival and growth of clonal fragments because it can change biotic and abiotic 
conditions. The survival and growth of clonal fragments buried in deeper soils may mostly 
rely on the utilisation of reserves stored in plant organs when carbohydrates cannot be 
provided through photosynthesis (Suzuki and Stuefer, 1999). However, if reserves stored in 
the plant organs are depleted before new shoots come out of the rhizome, fragments are at risk 
of dying (Dong et al., 2010). Successful cultivation of A. amatymbica would reduce 
harvesting pressure from natural populations and it could help in the conservation of the plant 
especially in the context of continued and possibly increasing demand. The present study was 
therefore conducted to determine the appropriate rhizome length and planting depth suitable 
for the cultivation of Alepidea amatymbica, for the purpose of encouraging conservation of 
the species.  
3.2 Material and Methods  
3.2.1 Plant collection and preparation of growth pots 
Mature plants of A. amatymbica were collected in May 2014 from Emnyameni Village 
(32°34'17.39"S; 27° 6'55.16"E) in the Keiskammahoek area of the Eastern Cape Province in 
South Africa. The area is classified as the Amathole Montana grassland (Mucina and 
Rutherford, 2006) natural habitat. The plants were harvested with their rhizomes using a 
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shovel to initially loosen the soil and the dirt was removed around the rhizome. Plant 
materials were transported in polyethylene bags to Fort Cox College of Agriculture and 
Forestry greenhouse where the experiment was conducted. Plants were authenticated at the 
Department of Botany, University of Fort Hare, and voucher specimen Mau2015/04 were 
deposited at the Giffen Herbarium of the University. Top soil (0-15 cm) was collected in 
polyethylene bags and spread in the drying room for 48 hours after which it was sieved 
through a 2 mm wire mesh. Five kilograms of soil was combined with pine bark (5 kg) to use 
as a growth medium in plastic pots of 14 cm diameter.  
3.2.2 Preparation of rhizome fragments  
The foliage was cut off at the crown and rhizomes were washed under running tap water to 
remove adhering soil particles. Rhizomes were cut with a scalpel into six fragment lengths of 
1, 2, 3, 4, 5 and 6 cm. A ruler was used to measure each fragment length (Figure 1) of A. 
amatymbica. Each fragment was weighed and tagged with different coloured plastic tapes to 
indicate the length of the rhizome and the weight prior to planting. The rhizome fragments 
used in this experiment were then wrapped in moist sterile tissue paper, placed in plastic bags 
and taken to the greenhouse. 
 
 
Figure 1: Different lengths of rhizome stocks of A. amatymbica  
A B 
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3.2.3 Design of the experiment 
A six by three factorial, randomised complete block design replicated three times was used in 
this study. The variables were the length of the rhizome and the planting depth. Three plots of 
different sowing depth (2.5 cm, 5 cm, and 7.5 cm) and treatments (1, 2, 3, 4, 5 and 6 cm) were 
randomly assigned within the treatments. A total of 18 rhizome length fragments (1, 2, 3, 4, 5, 6 
cm) were planted at the depth of 2.5, 5, 7.5 cm in each pot.  
3.2.4 Planting of the A. amatymbica fragments 
The different fragment lengths of the rhizome (1, 2, 3, 4, 5, and 6 cm) were planted individually 
in plastic bags of 14 cm diameter. Growth medium was added to the bottom of the plastic bag 
and the depth was measured from the top of the plastic bag, using a ruler to ensure a correct 
planting depth. The fragments were then placed at the appropriate depth of 2.5, 5 and 7.5 cm and 
then topped up with soil. Each fragment was horizontally placed in the centre of each hole. The 
green house was maintained at 18-26˚C and at 60% relative humidity. All pots were irrigated 
daily with tap water. 
3.2.5 Shoot emergence 
Emergence of leaves was recorded three times per week (2 day interval) for 12 weeks (Figure 2). 
A plant was considered to have emerged if its sprouting shoot from the original fragment 
exceeded 1 cm in length. Cumulative emergence rate was calculated using the method of Pan et 
al. (2009) using relation where emergence rate was regressed as function of days after planting 
(DAP) using a logistic regression model: 
ER % = 𝛴𝛴(𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑙𝑙𝑁𝑁𝑙𝑙𝑙𝑙𝑁𝑁𝑙𝑙 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑒𝑒𝑁𝑁𝑒𝑒)(𝐷𝐷𝐷𝐷𝐷𝐷) X 100 
  Total number of leaves emerged 
Where ER = A. amatymbica emergence rate (%); DAP = days after planting.                                                                                                                                                                                             
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Figure 2: Cultivation of A. amatymbica (A) Shoots emerging from rhizome (B) Plants 
raised through rhizome segments growing in the greenhouse. 
 
3.2.6 Leaf area 
Leaf area was determined by calculating LA= 0.75 (length x width) where 0.75 is a constant 
(Saxena and Singh, 1965).  
3.2.7 Plant height and number of leaves  
A meter ruler was used to measure the shortest distance between the upper boundary of the 
main photosynthetic tissue on the plant and soil level (Cornelissen et al., 2003). Leaves formed 
were manually counted from each rhizome fragment length (n=6) and its three replicates and the 
mean number of leaves for each depth (n=3) was determined. 
3.2.8 Flower yield 
The number of florets per plant were counted and averaged for each treatment.  
3.2.9 Survival, shoot and rhizome moisture content 
 
The initial and final weight of the rhizome were used to determine whether or not the fragment 
was alive. If the fragment gained weight it was considered alive. If the plant did not have any 
A B 
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shoot and the rhizome had either lost weight or had completely decomposed, it was considered 
dead. The average weight of three replicates per rhizome fragment (n=6) in each planting depth 
(n=3) at the start and end of the experiment was determined for both non regenerative and live 
fragments.  
At the end of 30 weeks, plants were removed from the pots, washed with tap water and 
separated into leaves and rhizomes. The fresh weight and the dry weight of the  shoots and 
rhizome were determined by weighing the fresh plant material after which it was oven dried at 
70ºC to a constant weight. Moisture content was expressed in percentage on the basis of fresh 
weight using the equation below (Bewley and Black, 1982). 
Moisture content (%) =  Fresh weight – dry weight X100 
    
3.3 Data analysis  
Where applicable, data were subjected to SAS (Statistical Analysis System) package. One way 
analysis of variance (ANOVA) was used to compare various growth parameters among 
treatments. A two way analysis of variance was also used to determine interaction between 
planting depth and fragment length on various growth parameters. Means were compared using 
Duncan’s multiple range tests (P<0.05).  
 
 
Fresh weight 
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3.4 Results  
3.4.1 Effects of planting depth and length of rhizome on shoot emergence of A. amatymbica. 
The effects of planting depth and fragment length on shoot emergence are shown in Figure 3. It 
is observed that emergence decreased with increasing depth. There was a significant difference 
(p<0.05) in cumulative shoot emergence among different rhizome length at 2.5 cm depth. There 
was no significant difference (p>0.05) among the rhizome lengths 3, 5 and 2 cm. Six centimetre 
fragment length produced higher cumulative shoot emergence. A significant difference was 
observed (p<0.05) in cumulative shoot emergence among different fragment lengths at 5 cm 
planting depth. There was no significance difference (p>0.05) between the rhizome length 6 and 
4 cm. Similarly there was also no significance difference (p>0.05) with rhizome length 3 and 5 
cm. The least cumulative shoot emergence was observed at 1 cm rhizome length. There was no 
significant difference (p>0.05) on cumulative shoot emergence among different rhizome length 
at 7.5 cm planting depth. There was however no significant difference (p>0.05) on cumulative 
shoot emergence between rhizome length 2 and 5 cm. The highest cumulative emergence was 
observed at 6 cm rhizome length.  
There was a significant difference (p<0.05) in cumulative shoot emergence among different 
rhizome planting depth in all the rhizome fragment length. 2.5 cm planting depth had 
significantly higher (p<0.05) shoots emergence in all rhizome fragment lengths. There was no 
significant difference (p>0.05) in cumulative shoots emergence between 5 and 7.5 cm planting 
depth at 5 cm rhizome length. The least cumulative shoot emergence was observed in 7.5 cm 
planting depth in all fragment lengths. 
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Figure 3: Emergence rate of A. amatymbica rhizome fragments of different lengths (1-6 
cm) buried at different depths. Bars with different small letters in the same groups of 
planting depth are significantly different (p<0.05) while bars with different capital letters 
within a fragment length in the different groups of planting depth (2.5, 5 and 7.5 cm) are 
significantly different (p<0.05). 
 
3.4.2 Effects of planting depth and fragment lengths of rhizomes on the number of leaves 
produced from planting to maturity. 
The effects of planting depth and fragment length on the number of leaves are presented in 
Figure 4. There was a significant difference (p<0.05) in the average number of leaves among 
different rhizome lengths at 2.5 cm planting depth. One centimetre rhizome produced the lowest 
number of leaves while the highest number of leaves were produced at 3 cm fragment length at 
a planting depth of 2.5 cm. Significant difference (p<0.05) was observed in the mean number of 
leaves among different rhizome length at 5 cm planting depth. There was no significant 
difference (p>0.05) between the rhizome lengths 1 and 2 cm. The highest number of leaves 
were observed at 3 cm rhizome length while the lowest was at 5 cm rhizome length. At 7.5 cm 
planting depth, a significant difference (p<0.05) was observed in mean number of leaves among 
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different rhizome lengths. There was no significant difference (p>0.05) between rhizome length 
1 and 2 cm, which had lowest number of leaves. The highest mean number of leaves was 
observed at 6 cm rhizome length.  
There was a significant difference (p<0.05) in mean number of leaves among different rhizome 
planting depth for all the rhizome fragment lengths. No significant difference (p>0.05) was 
observed on the mean number of leaves between the planting depths of 5 and 7.5 cm in 2 cm 
rhizome lengths. At a rhizome length of 6 cm, the highest number of leaves was observed at the 
deepest (7.5 cm) planting depth. On the other hand, the lowest number of leaves were obtained 
from the medium planting depth of 5 cm with 5 cm rhizome length. 
 
Figure 4: Effects of varying burial depths and fragments lengths of A. amatymbica rhizome 
on the number of leaves. Bars with different small letters in the same groups of planting 
depth are significantly different (p<0.05) while bars with different capital letters within a 
fragment length in the different groups of planting depth (2.5, 5 and 7.5 cm) are 
significantly different (p<0.05). 
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3.4.3 Effects of planting depth and fragment lengths of A. amatymbica on leaf area 
The effect of planting depth and rhizome length on the leaf area are shown in Table 1. There 
was a significant difference (p<0.05) in average leaf area among different rhizome lengths at a 
planting depth of 2.5 cm. The rhizome lengths of 2 and 3 cm had lower average leaf area and 
were not significantly different (p>0.05). Similarly, there was also no significant difference 
(p>0.05) in leaf area between rhizome lengths 1 and 5 cm. The highest leaf area was observed at 
4 cm rhizome length. There was a significant difference (p<0.05) in average leaf area among 
different rhizome lengths at 5 cm depth. Lengths 3 and 6 cm showed no significant difference 
(p>0.05), and the same trend was observed between length 4 and 5 cm which had high average 
leaf area. The 1 cm rhizome length produced the lowest leaf area in the 2.5 cm depth. There was 
a significant difference (p<0.05) in average leaf area among rhizome lengths at 7.5 cm depth, 
however fragment length 1 and 6 cm were not significantly different (p>0.05). Four centimetre 
fragment length had significantly higher (p<0.05) leaf area while 5 cm rhizome length had the 
lowest leaf area.   
There was a significant difference (p<0.05) in leaf area among different rhizome planting depths 
for all the rhizome fragment length. Shorter fragments lengths (1-3 cm) produced higher leaf 
area at deeper planting (7.5 cm). At fragment length 4 and 6 cm, highest leaf area was at a 
shallow planting depth (2.5 cm). 
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Table 1: Effects of planting depths and rhizome fragment lengths on the leaf area of 
A. amatymbica 
Rhizome 
fragment     
length(cm) 
                           Planting depth (cm) 
2.5 cm 5 cm 7.5 cm 
Leaf area (cm2) Leaf area (cm2) Leaf area (cm2) 
1 cm 87.34±4.1 c B 70.92±5.8 d C  91.30±3.4 d A 
2 cm 74.51±5.1 d B 94.52±4.1 b A 97.96±1.6 c A 
3 cm 77.08±3.8 d C 92.92±2.7 b B 100.8±1.7 b A 
4 cm 111.9±9.2 a A 101.3±3.4 a C 105±5.8 a B 
5 cm 92.21±1.8 c B 98.36±1.7 a A 86.38±3.1 e C 
6 cm 103±4.3 b A 84.11±4.1 c C 91.53±3.9 d B 
Means with different capital letters in the same rows are significantly different (p<0.05) 
while means with different small letters within a column are significantly different 
(p<0.05)  
3.4.4 Effects of planting depths and fragment length on the plant height. 
The effects of rhizome fragment length and burial depth on plant height is shown in Figure 5. 
There was a significant difference (p<0.05) in the height of the plants among different rhizome 
lengths at 2.5 cm depth. No significant different (p>0.05) was observed on the mean plant height 
between rhizome lengths 2 and 5 cm. The highest mean height was observed at 3 cm fragment 
length. There was a significant difference (p<0.05) on the mean plant height among different 
rhizome lengths at 5 cm planting depth. There was no significant difference (p<0.05) in plant 
height between the rhizome lengths 3 and 4 cm, which had higher mean value of plant height 
than other fragment length. Similarly there was also no significant difference (p>0.05) in the 
mean plant height between 2 and 6 cm fragment lengths. The lowest mean plant height was 
observed in the 5 cm fragment length. There was a significant difference (p<0.05) on the mean 
height among different rhizome length at 7.5 cm planting depth, and this difference was observed 
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among the rhizome lengths 1, 2, 4 and 5 cm, which had lowest plant height values. A 
significantly higher (p<0.05) mean height was observed at 6 cm fragment length.  
A significant difference (p<0.05) was observed in plant height among different rhizome 
planting depths for all the rhizome fragment lengths. Longer fragment lengths (5 cm and 6 cm) 
produced taller plants at deeper planting (7.5 cm). There was no significant difference (p>0.05) 
in the plant height between 5 and 7.5 cm planting depth at 2 cm fragment length. The lowest 
plant height was produced at a medium planting depth (5 cm) at 5 cm rhizome length.   
 
Figure 5: Effects of planting depths and rhizome lengths on the plant height. Bars with 
different small letters in the same groups of planting depth are significantly different 
(p<0.05) while bars with different capital letters within a fragment length in the different 
groups of planting depth (2.5, 5 and 7.5 cm) are significantly different (p<0.05) 
 
3.4.5 Effects of planting depths and fragment lengths on the number of florets. 
The cultivated A. amatymbica plants started flowering at 21 weeks after planting. The number of 
florets produced from varying rhizome lengths and planting depths are shown in Figure 6. There 
was a significant difference (p<0.05) in the number of florets among different rhizome lengths at 
2.5 cm depth. No significant difference (p>0.05) was observed on the number of florets between 
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4 and 5 cm rhizome lengths. The highest number of florets was observed at 3 cm rhizome length. 
At 5 cm planting depth, there was a significant difference (p<0.05) in the number of florets 
among different rhizome lengths, however rhizome lengths 3 and 4 cm did not show any 
significant difference (p>0.05). Similarly, no significant difference (p>0.05) was observed 
between rhizome lengths 1 and 2 cm. The highest number of florets was observed in the 6 cm 
fragment length. There was a significant difference (p<0.05) in the number of florets among 
different rhizome lengths at 7.5 cm planting depth. There was however, no significant difference 
(p>0.05) among fragment lengths 2, 3 and 4 cm. The highest number of florets was observed in 
the 6 cm rhizome length.  
There was a significant difference (p<0.05) in number of florets among different rhizome 
planting depths for all the rhizome fragment lengths. No significant difference was observed 
between 2.5 cm and 7.5 cm planting depths at 2 cm fragment length. The highest number of 
florets was observed at deepest planting depth (7.5 cm) with 6 cm fragment length.  
 
Figure 6: Effects of varying plantig depths and rhizome fragment lengths on the number of 
florets. Bars with different small letters in the same groups of planting depth are 
significantly different (p<0.05) while bars with different capital letters within a fragment 
length in the different groups of planting depth (2.5, 5 and 7.5 cm) are significantly different 
(p<0.05). 
0
5
10
15
20
25
2,5 5 7,5
To
ta
l n
um
be
r o
f f
lo
re
ts
Planting depth (cm)
1cm
2cm
3cm
4cm
5cm
6cm
bA
cA cC 
dB
aB
bBcA cAaA
bC bB
cC
dC
aA 
dC 
Fragment 
length 
    
  79   
  
3.4.6 Effects of planting depths and fragment lengths production on rhizome length gain   
The effects of planting depths and fragment lengths on rhizome length gain are presented in 
Table 2. There was a significant difference (p<0.05) in rhizome length gain among different 
rhizome lengths at 2.5 cm planting depth, however, there were no significant difference 
(p>0.05) between rhizome length 4 and 5 cm. The same trend was observed between rhizome 
lengths 2 and 3 cm. Six centimetre rhizome length produced the lowest fragment length gain. 
Significant difference (p<0.05) was observed in rhizome length gain among different rhizome 
lengths planted at 5 cm depth. However, there was no significant difference (p>0.05) in the 
rhizome length gain produced between rhizome lengths 1 and 2 cm, which were longer than 
others. Similarly, there was also no significant difference (p>0.05) in the rhizome length gain 
between rhizome lengths 4 and 6 cm. The lowest rhizome length gain was produced in the 5 cm 
length. There was a significant difference (p<0.05) in the rhizome length gain of the rhizomes 
lengths planted at 7.5 cm depth. There was however, no significant difference (p>0.05) in 
rhizome length gain between rhizome lengths of 5 and 6 cm, which had the lowest length gain 
than others. Similarly, there was no significant difference (p>0.05) in the rhizome length gain 
between rhizome lengths 3 and 4 cm. The longest final rhizome length was obtained from 1 cm 
rhizome length at 7.5 cm depth. 
There was a significant difference (p<0.05) in rhizome length gain among different planting 
depths for all the rhizome fragment lengths. One centimetre fragment length had the longest 
rhizome length gain in all burial depths, except at 2.5 cm depth. The longest rhizome length 
gain was observed in the 2 cm rhizome length at medium depth (5 cm).  
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Table 2: Effects of planting depths and fragment lengths production on the rhizome   
length gain. 
Means with different capital letters in the same row are significantly different (p<0.05), while 
means with different small letters within a column are significantly different (p<0.05). 
 
3.4.7 Effects of planting depths and fragment lengths on rhizome weight gain. 
The effects of planting depths and fragment lengths on rhizome weight gain are presented in 
Table 3. All fragment lengths and burial depths showed 100% survival. There was a significant 
difference (p<0.05) in the rhizome weight gain among different rhizome lengths at 2.5 cm 
planting depth. However, there was no significant difference (p>0.05) between rhizome lengths 
4 and 6 cm, which were recorded highest weight values. Similarly there was also no significant 
difference (p>0.05) in the rhizome weight gain between 1 and 5 cm rhizome fragment lengths. 
The lowest rhizome weight gain was observed in the 2 cm fragment length at 2.5 cm planting 
depth. There was a significant difference (p<0.05) in the rhizome weight gain among different 
rhizome lengths at 5 cm planting depth. The highest rhizome weight gain was obtained from 6 
cm rhizome lengths while the lowest was obtained from 4 cm rhizome length. There was a 
significant difference (p<0.05) in the rhizome weight gain among different rhizome lengths at 
Initial  
rhizome 
fragment   
length(cm) 
Planting depth (cm) 
           2.5 cm            5 cm                7.5 cm                    
 Rhizome length gain (cm) Rhizome length gain (cm) Rhizome length gain (cm) 
1 cm 7.03±0.35a B 8.03± 0.2 a A   8.06±0.54 a A 
2 cm 4.7±0.84 b C 8.5±0.74 a A 6.9±1.7 c B 
3 cm 4.4±0.26 b C 6.6±0.17 b B 7.2 ±0.58 b A 
4 cm 5.4±0.29 c B 4.0±0.42 c C 7.2±0.95 b A 
5 cm 5.1±0.73 c A 3.5± 1.10 d B 5.6±0.42 d A 
6 cm 3.2±1.15 d C 4.3±0.78 c B 5.9±0.61 d A 
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7.5 cm planting depth. The highest rhizome weight gain was produced from 6 cm fragment 
length while 1cm fragment length produced the lowest rhizome weight gain.   
At all burial depths there was a significant difference (P<0.05) in rhizome weight gain in all 
rhizome fragment lengths. Shorter fragment length (1-3 cm) produced highest rhizome weight 
gain at 5 cm planting depth. The highest rhizome weight gain was produced at 5 cm planting 
depth by 6 cm long rhizomes. The lowest rhizome weight gain was produced at 2.5 cm planting 
depth with 6 cm rhizomes fragment length. 
Table 3: Effects of planting depth and fragment length on the rhizome weight gain. 
Means with different capital letters in the same row are significantly different (p<0.05), 
while means with different small letters within a column are significantly different 
(p<0.05). 
 
 
 
Rhizome 
fragment     
length(cm) 
Planting depth (cm) 
               2.5 cm                                         5 cm                7.5 cm                                                
 Rhizome  weight gain (g) Rhizome weight gain (g) Rhizome weight gain(g) 
1 cm 140±3.1 c B 208±6.9 d A 134±4.3 f C 
2 cm 128±6.1 d C 252±9.07 c A 177±4.01 d B 
3 cm 182±7.6 b C 246±12.1 b A 201±3.1 c B 
4 cm 219±13.4a A 99.8±3.4 f B 217±13.9 b A 
5 cm 143±6.9 c C 157± 5.79 e B 171±7.4 e A 
6 cm 221±7.3 a C 297±2.74 a A 230±8.8 a B 
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3.4.8 Effects of rhizome length and planting depth on the moisture content of rhizome 
The harvest rhizome moisture content for different rhizome lengths and planting depths are 
presented in Table 4. There was a significant difference (p<0.05) in moisture content among 
different rhizome fragment lengths at 2.5 cm planting depth. There was however no significant 
difference (p>0.05) in moisture content between rhizome lengths 2 and 5 cm. A similar trend was 
observed between fragment lengths 3 and 4 cm, which had lower moisture content. There was 
also no significant difference (p>0.05) in moisture content between 1 and 6 cm rhizome lengths 
which had higher moisture content values than others. There was a significant difference (p<0.05) 
in moisture content among different rhizome lengths at 5 cm planting depth. There was however 
no significant difference (p>0.05) among rhizome lengths 2, 4, 5 and 6 cm. The 3 cm fragment 
length had the highest moisture content. There was a significant different (p<0.05) in moisture 
content among different rhizome lengths at 7.5 cm planting depth. Non-significant different 
(p>0.05) was however, observed in the rhizome moisture content among rhizome lengths 4, 2, 3 
and 1 cm, which recorded lower moisture content values. There was no significant difference 
(p>0.05) in moisture between rhizome lengths 5 and 6 cm which recorded higher moisture 
content. 
At all burial depths there was no significant difference (p>0.05) in rhizome moisture content of 
different rhizome fragment lengths. There was no significant difference (p>0.05) in the rhizome 
moisture content in all burial depth between rhizome lengths 3 and 6 cm. Five centimetre rhizome 
length had the highest rhizome moisture content in the deepest burial depth (7.5 cm). 
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Table 4: Effect of planting depth and fragment length on the rhizome moisture 
content of A. amatymbica.  
Means with different capital letters in the same row are significantly different (p<0.05), while 
means with different small letters within a column are significantly different (p<0.05).  
 
3.4.9 Effects of rhizome lengths and planting depths on the shoot moisture content  
The rhizome shoot moisture content at different rhizome lengths and planting depths are 
presented in Table 5. There was a significant difference (p<0.05) in shoot moisture content 
among different rhizome lengths at 2.5 cm planting depth. Shoot moisture content among 
rhizome lengths 3, 4 and 5 cm was however, not significantly different. The highest shoot 
moisture content was obtained from 6 cm rhizome length. A significant difference (p<0.05) was 
observed in shoot moisture content among different rhizome lengths at 5 cm planting depth.  
There was however no significant difference (p>0.05) in shoot moisture content among rhizome 
lengths 2, 3 and 5 cm. Similarly there was no significant difference (p>0.05) between rhizome 
length 4 and 6 cm. The lowest moisture content was obtained from the 1 cm fragment length. 
Shoot moisture content significantly differed (p>0.05) among different rhizome lengths at 7.5 
cm planting depth. However, shoot moisture content among rhizome lengths 1, 2, 3 and 4 cm 
Rhizome 
fragment  
length(cm) 
Planting depth (cm) 
               2.5 cm                            5 cm        7.5 cm 
Rhizome moisture % Rhizome moisture % Rhizome moisture % 
1 cm 57.3±1.8 a A 49.2±2.8 c B 53.4±3.3 b B 
2 cm 51.2±1.09 b A 51.2±1.89 b A 52.53±1.20 b A 
3 cm 45.5±1.26 c B 54.1±1.26 a A 52.61±2.56 b A 
4 cm 48.8±1.3 c B 52.4±1.6 b A 51.8±1.45 b A 
5 cm 50.5±0.3 b B  51.5±2.84 b B 56.5±2.01 a A 
6 cm 54.5±2.3a A 53.3±2.7 b A 54.6±1.4 a A 
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were not significantly different and recorded the lowest moisture contents. The highest moisture 
content was obtained from the 5 and 6 cm rhizome lengths. 
At all burial depths there was a significant difference among shoot moisture content of different 
rhizome fragment lengths. Shoot moisture content was the highest at 2.5 cm depth for all 
rhizome fragment lengths. The lowest shoot moisture was observed in 5 cm planting depth with 
1 cm fragment length. 
 
Table 5: Effect of planting depth and fragment length on the shoot moisture content of 
cultivated A. amatymbica  
Rhizome 
fragment 
length(cm) 
Planting depth (cm) 
           2.5 cm          5 cm           7.5 cm 
Shoot moisture % Shoot moisture % Shoot moisture % 
1 cm 50.8±1.2 d A 38.71±2.3 c B 47.9±1.4 b A 
2 cm 57.8±2.2 c A 54.2±0.6 a A 50.4±1.72 b B 
3 cm 63.2±2.1 b A 56.03±1.2 a B 47.6±2.5 b C 
4 cm 60.7±1.64 b A 49.28±2.33 b B 50.7±1.66 b B 
5 cm 61.83±1.82 b A 53.22±2.08 a C 57.6±1.31 a B 
6 cm 68.23±2.5a A 49.78±2.3 b C 55.9±2.6 a B 
Means with different capital letters in the same rows are significantly different (p<0.05) while 
means with different small letters within a column are significantly different (p<0.05). 
 
3.5 Discussion 
Increase in planting depth significantly reduced the emergence rate of A. amatymbica. At 2.5 cm 
depth, the emergence was found to be higher than at 5 and 7.5 cm depths regardless of rhizome 
fragment lengths. Previous studies on Alternanthera philxeroides (Mart) Standl. and Physalis 
viscosa L. also reported that deeper burial depth decreased the rate of emergence of shoots 
(Shen et al., 2005; Chen et al., 2010). This finding was also in agreement with Soltani et al., 
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(2006) who showed that shoots had higher percentage emergence in shallow planting depths. 
Thus, it is clear that planting depth is one of the major factors that influence the rate of 
emergence. Rask and Andreasen (2006) showed that planting depth was related to delay in 
emergence in Mentha arvensis (L) (Ivany, 1997) and in Calystegia sepium (L.) R.Br. (Kouakou 
et al., 2009). One possible reason is that planting depth has been the major environmental stress 
on the emergence of shoots since it may significantly change abiotic conditions such as 
temperature, photosynthetic active radiation, moisture and soil organic matter (Brown, 1997; 
Zhang et al., 2012). The survival and growth of rhizome fragments buried in the deeper soils 
may mostly rely on the utilisation of reserves stored in the rhizomes when carbohydrates cannot 
be provided through photosynthesis (Klimes et al., 1993). It has been reported that rhizome 
buried in the deeper soils may deplete all stored carbohydrates before new shoots reach the soil 
surface which will increase the risk of plant regeneration (Dong et al., 2010).  
The current study showed that longer rhizome fragments increased shoot emergence rate. These 
results are consistent with previous study (Fernandez, 2003). Other authors have suggested that 
longer rhizome clonal fragments have more carbohydrate reserves in the rhizome (Yu et al., 
2002) and that plants originating from short fragments were less competitive than those from 
long fragments (Anbari et al., 2011). It has been reported that longer rhizome length may 
facilitate the survival and growth of clonal fragments length because rhizome length may be 
positively correlated with the amount of stored carbohydrates (Zhang et al., 2016). This 
suggests that food reserves stored in the longer rhizomes can be remobilised and reused to 
increase plant growth (Suzuki and Stuefer, 1999).  
The present study showed that planting depth and rhizome fragment length influenced the 
growth and development of leaves, as it was observed that increase in planting depth increased 
the number of leaves. Generally 5 cm and 7.5 cm planting depth resulted in more leaves than 
2.5 cm depth. These results suggests that there may be some stimulating effects of planting 
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depth and fragment length on plant vigour. It has been reported that planting depth has an effect 
on better utilisation of nutrients and greater ability to respond to favourable conditions which 
will result in more vigorous plant growth (Zhang et al., 2016). Similar results have been 
reported for soybean (Pan et al., 2009). Longer rhizome fragments produced more leaves 
compared to shorter fragments and this may be a result of rhizome length being positively 
correlated to levels of carbohydrates, proteins and other nutrients (Dong et al., 2010). This study 
was in agreement with Weber (2011), who found that fragment length plays an important role in 
shoot formation.  
In the present study it was observed that 1 cm, 2 cm, 5 cm and 6 cm long rhizomes planted at 
7.5 cm depth produced the tallest plants. This result could be explained by the fact that plants 
sowed at shallow depths often do not grow as vigorously as those sowed deeper (Falster and 
Westoby, 2003). There is evidence that moderate burial can improve the photosynthetic 
capacity and vigour of buried plants after emergence, leading them to compensate for the 
consumption of storage reserves caused by burial (Yuan et al., 1993). This could possibly 
explain why A. amatymbica plants at 7.5 cm depth had the highest number of leaves, which 
compensated for the delayed emergence rate. This was also reported by Monaco et al. (2002) 
that as the fragments survive the cultivation from deep planting depth it can quickly respond and 
accumulate dry matter, repeated cultivation would be necessary to exhaust stored carbohydrates 
and improve crop productivity. This could suggest that the rhizome could be reused for 
cultivation and this would reduce overharvesting of A. amatymbica.    
The plants originating from short fragments in all planting depths showed reduced plant 
performance, while long fragments resulted in higher plant productivity. This agrees with 
previous findings that suggested that non-structural carbohydrates and soluble proteins stored in 
the rhizome can be reutilised for regeneration of plants that are subjected to disturbance (Baur- 
Hoch et al., 1990; Danckwerts and Gordon, 1989).  
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Leaf area is an important variable for most ecophysiological studies in terrestrial ecosystems 
concerning light interception, evapotranspiration and photosynthetic efficiency in plant growth 
(Blanco and Folegato, 2005). The growth of the leaf is important because it is valuable for plant 
nutrition, competition, soil water relations and protection measures (Montero et al., 2000). The 
life cycle of a plant usually involves early phase of increasing photosynthetic rate while the leaf 
expands. In the present study planting depth did affect leaf area. The results indicated that leaf 
area at 7.5 cm planting depth, from 1-3 cm rhizomes were higher compared to other burial 
depths. The reduction of leaf area in other burial depths may be caused by the influence of 
shallow depth which then influence the water content. This results in the shifts of stem length 
and leaf area of the plant so as to adapt to the amount of light or intercepted light which affects 
the final product (Pystina and Danilov, 2001). It was observed that 2.5 cm planting depth had a 
higher number of leaves at emergence and this affected the leaf area. This might be due to the 
nutrients competition of leaves populated in one plant (Fereira, 2008). The population on the 
number of leaves restricts transpiration including closure of the stomata and less water 
evaporating from the leaf surface. Further it will restrict the efficiency of photosynthesis process 
and limit crop productivity (Zhang et al., 2012)  
Flower initiation marks an important transition from vegetative development to reproductive 
development, which is the most crucial event in the life cycle of a plant. Flower produces the 
reproductive cells of plant and seeds for the next generation. The seeds enable the plant 
embryos to survive prior to seedlings establishment, thereby ensuring the initiation of next 
generation of plants (Koornnerf et al., 2002). Plant depth had a crucial effect on flower 
production by A. amatymbica. Plants buried at depths of 5 cm and 7.5 cm produced more 
flowers than those planted at a shallower depth (2.5 cm). Similar findings were reported by De 
Hertogh and Lenard (1993). The highest number of flowers produced at 5 cm and 7.5 cm depth 
may be related to the fact that the highest number of leaves were produced in those fragment 
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lengths. Increase in fragment length also had an effect on the number of florets produced, which 
might be due to the fact that flowering and flower production, are dependent on vegetative 
growth and sufficient supply of essential nutrients by longer rhizomes (Rees, 1992; Laskowska 
and Korica, 2003). The fact that in all fragment lengths and depths of A. amatymbica flowered 
is an indication that clonal propagation will be a useful conservation method or approach for 
this plant. 
Planting depth and fragment length had effects on the production of the rhizome biomass. The 
shorter fragments (1-3 cm) in this study had higher yield on the rhizome weight at a planting 
depth of 5 cm. Similar findings were also obtained by Anbari et al. (2011) who reported that 
fragmentation into short pieces requires lesss stored energy to initiate the rhizome growth which 
makes short fragments to have more vigorous growth than longer fragments. The present study 
indicated that short fragments generally produced the longest rhizomes. This was also in line 
with Adreasen and Rask, (2006) that fragment length has an impact on the biomass of the 
rhizome. The decrease in rhizome biomass may be caused by the number of leaves which may 
have an effect on the levels of assimilates being accumulated by plants due to reduced 
photosynthesis. The 5 cm planting depth and 1-3 cm rhizome fragment length would be the 
recommended propagation regime to address the demand for traditional medicine. This study 
indicated that cultivation of A. amatymbica could reduce pressure on wild population as a means 
of conserving this vulnerable medicinal plant. 
The highest fresh rhizome weights observed in this study may be attributed to the development 
in plant height, and number of leaves which influence rhizome biomass. This study also 
validated the work of Asaeda and Nam, (2000). The differences in above to below ground 
biomasses in Table 3 could be associated with higher sprouting efficiency. At all planting 
depths, shoot fresh weight was lower than rhizome fresh weight while shoot moisture content 
was higher than that of the rhizome (Maun et al., 1996; Brown, 1997). The moisture content of 
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the shoots ranged from 50% to 68% in all fragments and all burial depths. Water is one of the 
most important requirements in plant life and production, as absence of water will afffect 
transpiration including closing of stomata which will automatically reduce photosynthetic rate 
and limit plant growth and productivity (Zhang et al., 2012). 
3.6 Conclusion 
The recent study confirms that planting depths and fragment lengths of A. amatymbica cannot 
prevent survival and the yield of rhizome biomass. Although sowing depth had an impact on the 
emergence of leaves. A. amatymbica managed to recover from delay in emergence and it 
responded positively to the planting stress. Shorter fragments at all burial depth of 5 cm 
produced the highest rhizome length gain. Medium depth (5 cm) with the shortest fragment 
length (1-3 cm) and 6 cm fragment length in all burial depth is recommended for cultivation of 
A. amatymbica as it produce highest rhizome biomass required by traders, herbalists and 
traditional healers. These results can play an important role in establishment of propagation 
protocols of A. amatymbica. Vegetative propagation using rhizome could help to meet the 
current and future demands on A. amatymbica. 
3.7 References 
Andreasen, C., Rask, A.M., 2006. Influence of mechanical rhizome cutting, rhizome drying and 
burial at different developmental stages on the re-growth of Calystegia sepium. Weed 
Research 47, 84-93. 
Afolayan, A.J., Adebola, P.O., 2004. In vitro propagation: A biotechnological tool capable of 
solving the problem of medicinal plants decimation in South Africa. African Journal of 
Biotechnology 3, 683-687. 
Afolayan, A.J., Lewu, F.B., 2009. Antimicrobial activity of Alepidea amatymbica. 
Pharmaceutical Biology 47, 436-439.  
    
  90   
  
Anbari, S., Lundkvisit, A., Verwisjst, T., 2011. Sprouting and shoot development of Sonchus 
arvensis in initial root size. Weed Research 51, 142-150. 
Asaeda, T., Nam, L.H., 2000. Dynamic modelling of the growth of Phragmite auatralis; model 
description. Aquatic Botany 67, 301-318. 
Baskin, C.C., Baskin, J.M., 1998. Seeds Ecology, Biogeography, and Evolution of Dormancy 
and Germination. Academic Press, San Diego, California, USA. 
Baur-Hoch, B., Machler, F., Nosberger, J., 1990. Effect of carbohydrates demand on the 
remobilisation of starch in stolons and roots of white clover (Trifolium repens) (L) after 
defoliation. Journal of Experimental Botany 41, 573-578. 
Bewley, J.D., Black, M., 1982. Physiology and Biochemistry of seeds in relation to 
germination. Volumes 2. Viability, Dormancy and environmental control springer 
Verlag, Berlin. Heideberg, New York, USA. 
Blanco, F.F., Folegato, M.V., 2005. Estimation of leaf area for green house cucumber by linear 
measurement under salinity and grafting, Agriculture Science 62(4), 305-309. 
Brown, J.F., 1997. Effects of experimental burial on survival, growth and resource allocation of 
three species of dune plants. Journal of Ecology 85, 151-158. 
Chen, J.S., Lei, N.F., Dong, M., 2010. Clonal integration improves the tolerance of Carex 
praeclena to sand burial by compensatory response. Acta Oecology 36, 23-28. 
Christian, D.G., Haase, E., 2001. Agronomy of Miscanthus. In: Jones, M.B., James and James 
Ltd, 21-45. 
Cornelissen, J.H.C, Lavorel, S., Garnier, E., Diaz, S., Buchman, N., Gurvich, D.E., Reich, P.B., 
ter Steege, H., Morgan, H.D., van der Heijden, MGA, Pausas, J.G., Pooter., G., 2003. A 
    
  91   
  
handbook of protocols for standardised and easy measurement of plant functional traits 
worldwide. Australian Journal of Botany 51, 335-380. 
Dalbato, A.L., Alfredson, T., Karlson, L.M., Andersson, L., 2014. Effect of rhizome fragment 
length and burial depth on the emergence of Tussilago farfara. Weed Research 54, 347-
355. 
Danckwerts, J., Gordon, A., 1989. Long partition of storage and remobilisation of 14C 
assimilated by Trifolium repens (cv Blanca). Annals of Botany 64, 533-544. 
De Castro, A., Van Wyk, B.E., 1994. Diagnostic characters and geographic distributions of 
Alepidea species used in traditional medicine. South African Journal of Botany 60(6), 
345-350. 
De Hertogh, A., Le Nard, M., 1993b. Botanical aspects of flower bulbs. In A. De Hertogh and 
M. Le Nard, eds., The Physiology of Flower Bulbs, 7-20.  
Dold, A.P., Cocks, M.L., 2002. The trade in medicinal plants in the Eastern Cape Province, 
South Africa. South African Journal of Science 98, 589-597. 
Dong, B.C., Yu, G.L., Guo, W., Zhang, M.X., 2010. How internode length, position and 
presence of leaves affect survival and growth of Alternanthera philoxeroides after 
fragmentation? Evolution Ecology 24, 1447-1461. 
Dong, B.C., Zhang, M.X., Alpert, P., Lei, G.C. Yu, F.H., 2010. Effects of orientation on 
survival and growth of small fragments of the invasive, clonal plant Altermanthera 
philoxeroides. Plos one 5, 13631. 
Falster, D.S., Westoby, M., 2003. Plant height and evolutionary games. Trends in Ecology and 
Evolution 18, 337-343. 
    
  92   
  
Fereira, E.A., 2008. Potential competition de biotpos de azeven (Lolium multiforum) Planta 
Daninha 26, 261-269. 
Fernandez, O.N., 2003. Establishment of Cynodon dactylon from stolon and rhizome fragments. 
Weed Research Society 43, 130-138. 
Hutchings, A., Scott, A.H., Lewis, G. and Cunningham, A., 1996. Zulu Medicinal Plants: An 
Inventory. University of Natal Press, Pietermaritzburg, South Africa. 
Ivany, J.A., 1997. Effect of rhizome depth in soil on emergence and growth of field mint 
(Mentha arvensis). Weed technology 11, 149-151. 
Klimes, L., Klimesova, J., Osbornova, J., 1993. Regeneration capacity and carbohydrates 
reserves in clonal plant Rumex alpinus. Effect of burial depth. Vegetation 109, 153-160. 
Koornneef, M., Bentsink, L., Hillhorst, H., 2002. Seed dormancy and germination. Current 
Opinion in Plant Biology 5, 33-36. 
Kouakou, L.K., Zoro Bi, I.A., Abessika, Y.G., Kouakou, T.H., Baudoin, J.P., 2009. Rapid 
seedling regeneration from seeds and vegetative propagation with sucker and rhizome 
of Eremospatha marcocarpa (Mann& Wendl) Wedl and lacosperma secundiflorum (P. 
Beauv.) Kuntze. Scientia Horticulture 120, 257-263.  
Kulkarni, M.G., Sparg, S.G., Van Staden, J., 2005. Seed germination of valuable high-altitude 
medicinal plants of southern Africa. South African Journal of Botany 71, 173-178. 
Laskowska, H., Korica, A., 2003. Influence of corm planting date and depth on Scidanthera 
bicolor Hochst. Blooming. Annales 13, 189-193 
Letsela, T., 2004. Sustainable utilization of communal plant resources within the Tsehlanyane-
Bokong Biosphere Reserve in Lesotho. Unpublished Ph.D., University of the 
Witwatersrand, Johannesburg.  
    
  93   
  
Louvel, S., Moodley, N., Seibert, I., 2013. Identification of compounds from the plant species 
Alepedia amatymbica active against HIV. South African Journal of Botany 88, 9-14. 
Mander, M., 1998. Marketing of indigenous medicinal plants in South Africa. In: A case Study 
in KwaZulu-Natal. Food and Agriculture Organisation of the united nations, Rome. 
Mariga, I.K., Molatudi, R.L., 2009. The effects of maize seed size and depth planting on 
seedling emergence and seedling vigour. Journal of Applied sciences Research 5, 2234-
2237. 
Maroyi, A., 2008. Ethnobotanical study of two threatened medicinal plants in Zimbabwe, 
International Journal of Biodiversity Science and Management 4, 148-153. 
Maun, M.A., Elberning, H., Ulisse, D.A., 1996. The effect of burial in coastal on dunes, Canada 
Journal of Botany 76, 713-738. 
Moeng, E.T., Potgieter, M.J., 2012. The trade of medicinal plants by muthi shops and street 
vendors in the Limpopo Province, South Africa. Journal of Medicinal Plants Research 
5(4), 558-564. 
Monaco, T.J., Weller, S.C., Ashton, F.M., 2002. Weed Science: Principles and Practice, 4th 
edition (John Wiley and Sons, New York). 
Montero, G., San Miguel, A., Cañellas, I., 2000. Systems of Mediterranean silviculture. La 
dehesa, Grafistaff, Madrid, 48. 
Mucina, L., Rutherford, M.C., 2006. The Vegetation of South Africa, Lesotho and Swaziland 
Strelitzia 19: Compact Disk. South African National Biodiversity Institute, Pretoria 
Mulaudzi, R.B., Ndlala, A.R., Finnie, J.F., Van Staden, A., 2009. Antimicrobial, antiflammatory 
and genotoxicity activity of Alepidea amatymbica and Alepidea natalensis (Apiaceaae). 
South African Journal of Botany 75, 584-587. 
    
  94   
  
O' Connor, T.G., 2004. Influence of land use on populations of the medicinal plant Alepidea 
amatymbica in the southern Drakensberg. South African Journal of Botany 70(2), 319-
322. 
Pan, Y., Geng, Y.P., Li, P., Chen, K., 2009. Effect of root fragment length and planting depth 
on clonal establishment of Alligatorweed. Journal of Aquatic Plant Management 47, 
96-100. 
Pystina, N.V., Danilov, R.A., 2001. Influence of light regimes on respiration, activity of 
alternative respiratory pathway and carbohydrates content in mature leaves of Ajuga 
reptans (L) Revista Brasileria de Physiological Vegetables 13, 285-292. 
Pyter, R.J., Dohleman, F.G., Thomas, B.V., 2010. Effects of rhizome size depth of planting and 
cold storage on Miscanthus giganteus establishment in the Midwestern USA, Biomass 
and Bioenergy 34, 1466-1470. 
Raimondo, D., von Staden, L., Foden, W., Victor, J.E., Helme, N.A., Turner, R.C., Kamundi, 
D.A. and Manyama, P.A., 2010. Red List of South African Plants. Strelitzia 25. South 
African National Biodiversity Institute, Pretoria. 
Rask, A.M, Andreasen, C., 2006. Influence of rhizome cutting, rhizome drying and burial of 
different stages on the re-growth of Calystegia sepium. Weed research 47, 84-93. 
Rees, A.R., 1992. Ornamental bulbs, Corms and tubes. CAB international, Wallingford, 71-72. 
Rock, J.H., Beckage, B., Gross, L.J., 2004. Population recovery following differential 
harvesting of Allium tricoccum Ait.in the Southren Appalachians. Biological 
Conservation 116, 227-234. 
Saxena, M.C., Sigh, Y., 1965. A note on leaf estimation on intact maize leaves. Indian Journal 
of Agronomy 10, 437-439. 
    
  95   
  
Shen, J.Y., Shen, M.Q., Wang X.H., Lu, Y.T., 2005. Effect of environmental factors on shoot 
emergence and vegetative growth of alligatorweed (Alternanthera philoxcroides).Weed 
Science 53, 4711-4783. 
Soltani, A., Robertson, M.J., Torabi, B., Yousefi- Daz, M., Sarparast, R., 2006. Modelling 
seedling emergence in chicken pea as influenced by temperature and sowing depth. 
Agricultural and Forest Metereology 138, 156-167. 
Somova, L.I, Shode, K., Moodley, K., Govender, Y., 2001. Cardiovascular and diuretic activity 
of kaurene derivatives of Xylopia aethopica and Alepedia amatymbica. Journal of 
Ethnopharmacology 77, 165-174. 
Suzuki, J.I., Stuefer, J., 1999. On the ecological and evolutionary significance of storage clonal 
plants. Plants Specific Biology 14, 11-17. 
Van Wyk, B.V, Geriecke, N., 2000. People s plants. A guide to useful plants of Southern 
Africa, Briza publications, Pretoria, South Africa, 351. 
Weber, E., 2011. Strong regeneration ability from rhizome fragments in two invasive clonal 
plants (Solidago Canadensis and Solidago gigantea). Biology of invasion 13, 2947-
2955. 
Williams, V.L., Balkwill, K. and Witkowski, E.T.F., 2000. Unravelling the commercial market 
for medicinal plants and plant parts on the Witwatersrand, South Africa. Economic 
Botany 54(3), 310-327. 
Williams, V.L., 2007. The design of a risk assessment model to determine the impact of the 
herbal medicine trade on the Witwatersrand on resources of indigenous plant species. 
Unpublished PhD thesis, University of the Witwatersrand, Johannesburg.  
    
  96   
  
Williams, V.L., Raimondo, D., Crouch, N.R., Cunningham, A.B., Scott-Shaw, C.R., Lötter, M. 
Ngwenya, A.M., 2008. Alepidea amatymbica Eckl. & Zeyh. National Assessment: Red 
List of South African Plants version 2014.1. Accessed on 2015/06/02. 
Yu, H.F., Chen, Y.F., Dong M., 2002. Clonal integration enhances survival and performance of 
Potentilla anserine, suffering from partial sand burial on Ordos pateau, China, 
Evolution Ecology 15, 303-318. 
Yuan, T., Maun, M., Hopkins, W., 1993. Effects of sand accretion on photosynthesis, leaf water 
potential and morphology of two dunes grasses. Functional Ecology 7, 672-682. 
Zhang, Q, Li, Q., Zhang, G., 2012. Rapid determination of leaf water content using VIS/NIR 
spectroscopy Analysis with wavelength selection. Hindawu Publishing Corporation 
spectroscopy: An international Journal 27(2), 93-103. 
Zhang, P., Su, Z.Q., Shing, X., Dung, K., Zheng, B., Wang, Y., 2016. Effects of fragment traits, 
burial orientation and nutrient supply on survival and growth in Populus deltoids X P. 
simmonii. Scientific reports 6, 21031. 
 
 
    
  97   
  
CHAPTER FOUR 
 
 
 
 
 
 
A COMPARATIVE INVESTIGATION OF THE FOLIAR 
MICROMORPHOLOGY AND ELEMENTAL 
COMPOSITION OF WILD AND CULTIVATED 
ALEPIDEA AMATYMBICA. 
 
 
 
 
 
 
 
 
 
    
  98   
  
CHAPTER FOUR 
A COMPARATIVE INVESTIGATION OF THE FOLIAR MICROMORPHOLOGY 
AND ELEMENTAL COMPOSITION OF WILD AND CULTIVATED ALEPIDEA 
AMATYMBICA 
 
4.1 Introduction ........................................................................................................................ 99 
4.2 Materials and methods ...................................................................................................... 100 
4.2.1 Collection of wild and cultivated A. amatymbica ...................................................... 100 
4.2.2 Sample preparation for Scanning Electron Microscopy (SEM) and Energy dispersive 
X-ray spectroscopy ............................................................................................................. 100 
4.3 Results .............................................................................................................................. 101 
4.3.1 Morphology of wild and cultivated Alepidea amatymbica ........................................ 101 
4.3.2 Aerial stem micromorphology (Cross section) .......................................................... 101 
4.3.3 Aerial stem micromorphology (Longitudinal section) .............................................. 104 
4.3.4 Contractile root micromorphology ............................................................................ 105 
4.3.5 Foliar micromorphology ............................................................................................ 107 
4.3.6 Rhizome of wild and cultivated A. amatymbica ........................................................ 109 
4.3.7 Energy dispersive X-ray spectroscopy ....................................................................... 110 
4.4 Discussion ......................................................................................................................... 112 
4.5 Conclusion ........................................................................................................................ 115 
4.6 References ........................................................................................................................ 116 
 
  
    
  99   
  
4.1 Introduction  
 The genus Alepidea is a member of the Apiaceae family and have been historically important 
medicinal plants throughout Africa, occurring mainly in Southren Africa (Louvel et al., 2013). 
Alepidea is a genus of 28 species of herbaceous geophytes endemic to grassland areas of Eastern 
and Southern Africa and northwards to Kenya and Ethiopia (De Castro and Van Wyk, 1994). 
Alepidea amatymbica is distinguished from other species by its regular dentate leaf margins 
lacking any deeper incision with each tooth ending in a bristle. Its inflorescence is hollow, 
ranging from 1.0 - 1.8 m high, and widely branched, with a number of small star- shaped white 
flowers. The rootstock is rhizomatous which is up to 130 mm long and 25 mm in diameter 
(Ramoindo et al., 2009). 
Alepidea amatymbica is an important source of traditional medicine. The rhizomes and roots are 
widely used as cure for a variety of ailments including respiratory tract infections, asthma, sore 
throat, coughs, wounds and gastrointestinal complaints as well as bacterial, diuretic and 
hypertensive cases (Van Wyk and Gericke, 2000). It is an important source of drugs because of 
its pharmacologically active phytochemicals such as 11-dehydro-16-kauren-19-oic acid and 
wedelia seco-kaurennolide (Van Wyk et al., 2000).  
As a result of its wide spectrum of medicinal applications, Alepidea amatymbica is getting 
significant attention from traders in the herbal markets. This has led to its unsustainable 
harvesting which is endangering the species. Although in vitro culture techniques offer reliable 
alternatives for ex situ conservation of endangered plants, variability may occur as a 
consequence of tissue-specific conditions that may affect medicinal efficacy (Hazarika, 2006). 
Even though cultivation is a reliable method of creating possible and sustainable germplasm, 
differences in cultural treatments can cause changes in plants and lead to progenies with 
modified characteristics both heritable and non-heritable (Jain, 2001). Such phenomena have 
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been reported in in vitro regenerated plants (Hempel, 2010). Therefore, it is important that the 
integrity and stability of cultivated plants be monitored by morpho-anatomical, biochemical and 
molecular assays where screening for variations is desirable (Kitin et al., 2005).  
Information on the anatomy, micromorphology and elemental composition of wild and 
cultivated A. amatymbica can further enlighten plant biologists, conservationists and policy-
makers on judicious propagation, management and conservation of this plant. Hence, the 
objective of this study was to compare micromorphology and elemental compositions of wild 
and cultivated Alepidea amatymbica. 
4.2 Materials and methods 
4.2.1 Collection of wild and cultivated A. amatymbica 
In order to compare the histological traits the regenerative tissue from cultivated rhizome was 
allowed to be fully grown to flowering. Both wild and cultivated plants were collected at 
maturity. Six plants from both wild and cultivated plants were randomly selected for this study. 
Leaf samples were taken from the median third on the left of the leaves while aerial stem and 
flower stalk were collected in the middle, of equal length from the bottom and top part of the 
plants, respectively. Samples of contractile roots and rhizomes were collected from the middle 
of the rhizome.  
4.2.2 Sample preparation for Scanning Electron Microscopy (SEM) and Energy dispersive 
X-ray spectroscopy 
Fresh samples of various A. amatymbica parts (rhizome, contractile root, leaf, flowering stalk/ 
aerial stem) collected from the wild were fixed overnight in 6% gluteraldehyde solution, washed 
with distilled water 2-3 times using pasteur pippete. The samples were then dehydrated in 
graded series of ethanol 10 - 100% for 20 minutes per rinse. The dehydrated samples were dried 
to a critical point in a Hitachi HCP- 2 critical point dryer using liquid CO2 as a cryogenic fluid. 
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The fully dried samples were mounted on aluminium stubs using glued carbon tapes and then 
coated with palladium (EIKO ID Ion coater) supplied with Argon gas. Photo micrographs of the 
specimens were prepared using a model JEOL (JSM-6930LV). The same fixing and dehydration 
procedure was also used for energy dispersive X-ray spectroscopy. A FEI QUANTA 200 
Oxford EDX analyser was then used for the analysis of the chemical elements present in the 
plant. The same procedure was carried out on the cultivated plant parts. 
4.3 Results 
4.3.1 Morphology of wild and cultivated Alepidea amatymbica 
Morphologically, the leaves of the wild and cultivated plants were similar as shown in Figure 1. 
Both have oblong leaves with netted venation. The margins of the leaves are wavy and dentate 
and end with thorn-like bristles.  
        
Figure 1: Leaves of A. amatymbica, cultivated (A) and wild (B)  
4.3.2 Aerial stem micromorphology (Cross section) 
Typical SEM images of cross section of the aerial stem revealed the prevalence of three tissue 
system including epidermal (cortical) parenchyma, fundamental (ground) parenchyma and 
A B 
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vascular bundle (Figure 2A & B). The epidermal cells in the wild A. amatymbica had thick cell 
membrane while cultivated plants had thin cell membrane (Figure 2C & D). The phloem from 
the cultivated species was round and wide open while phloem from wild plants was elongated 
and compressed with small openings (Fig 2E & F). Xylem containing tracheids or large vessels 
were more visible in wild plants compared to the cultivated one. The wild plant showed  
pronounced helical thickening on the inner side walls of both tracheids and vessel elements 
compared to cultivated plants (Fig 2G & H). 
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Figure 2: Cross section of the aerial stem of both cultivated and wild Alepidea amatymbica. A- cultivated plant (vascular tissues), B- wild plant 
(vascular tissues), C- epidermis of cultivated plant, D- epidermis of wild plant, E- phloem of cultivated plant, F- phloem of wild plant, G – 
xylem calls of cultivated plant, H- xylem cells of wild plant, Xy – xylem, PH – phloem, PC- Parenchyma, VB- vascular bundle, EP-epidermis. 
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4.3.3 Aerial stem micromorphology (Longitudinal section) 
The longitudinal section of aerial stem of both wild and cultivated A. amatymbica showed 
similar micro morphological patterns (Figure 3). The epidermal cells in both plants showed 
angular elongated parenchyma cells. Longitudinal sections of the aerial stem of both cultivated 
and wild A. amatymbica revealed the presence of annular xylem vessels which are enclosed 
within scalar-formed xylem vessels and parenchyma cells (Figure 3A & B). The structure of the 
annular vessels in the cultivated plants were attached to each other while the wild species were 
separate from each other (Figure 3A & B). The annular xylem vessels of the wild plants were 
more pronounced than in the cultivated ones.  
 
 
Figure 3: The longitudinal section of wild and cultivated flowering stalk of A. amatymbica, A- 
wild plant (550X), B- cultivated plant (550X), SXV- scalaryform xylem vessel, AXV- annular 
xylem vessel, PC- parenchyma cells. 
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4.3.4 Contractile root micromorphology 
The transverse sections of the contractile root of Alepidea amatymbica revealed that the 
epidermis of both the wild and cultivated plants exhibited one layer of parenchyma cells as 
shown in Figure 4. The innermost layer of the cortex of both roots was composed of a 
multiseriate cell layer that formed the endodermis. The parenchyma cells in the pith of the wild 
plants are well developed and are arranged in a stratified rays while cultivated ones were not 
well developed (Figure 4A & B indicated by arrows). The arrangement in the vascular bundle in 
the pericycle of both plants differs from each other (Figure 3A & B). The xylem in the wild 
plant was located towards the pith and they are arranged in three pairs while cultivated plants are 
arranged in two pairs (Figure 4A & B). In the cortex, the parenchyma cells of the wild plants 
showed big lump of starch grains while the cultivated species showed compressed parenchyma 
cells containing granules of starch grains (indicated by an arrow in Figure 4C & D). The xylem 
in the contractile roots of the wild species formed series of annuli with pronounced spiral 
(helical) architecture compared to the cultivated ones (Figure 4E & F).  
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Figure 4: Cross section of contractile root. A- Wild A. amtymbica (vascular tissues), B- cultivated A. amatymbica (vascular tissues), C- vascular 
bundle of wild plant, D- vascular bundle of cultivated plant, E- cortex of wild plant, F- cortex of cultivated plant, PC- parenchyma, VB- vascular 
bundle, PH- phloem, Xy- Xylem, PCL-pericycle. 
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4.3.5 Foliar micromorphology 
The micromorphology of the wild and cultivated leaves of A. amatymbica, as seen under SEM 
are represented in Figure 5. Stomata were visible in the leaf of the wild plant while covered by 
wax in the cultivated leaf (Figure 5A & B). Although the epicuticular wax was present in both 
wild and cultivated species, leaves of cultivated plants were waxier than the wild one. The upper 
leaf surface of the cultivated plants exhibited verrucate epidermal pattern, densely covered with 
non-oriented wax. The three wings of wax striations emanating from the stomata were observed 
in the wild leaf.  The stomata of the wild leaf appeared more raised on the epidermal cells with 
narrow stomatal apertures. The bristles in the cultivated species showed smooth edges while in 
the wild species they were rough, plasmolysed with stomata like pores (indicated by an arrow in 
Figure 5C, D, E & F). 
    
  108   
  
 
Figure 5: Epidermal surface of a leaf and bristle of the A. amatymbica. A- leaf surface of cultivated plant, B- leaf surface of wild plant, C-
smooth bristle of cultivated plant, D- plasmolysed bristle of wild plant, E- bristle of cultivated plant (550X), F- bristle of wild plant (550X), ST- 
stomata. 
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4.3.6 Rhizome of wild and cultivated A. amatymbica 
The transverse sections of both the wild and cultivated A. amtymbica showed features such as 
vascular bundles, bundle sheaths, metaxylem and metaphloem (Figure 6). Groups of storage 
parenchyma cells were distributed in the cortex of both plants. The amount of tissue depositions 
in the wild plants was higher than in the cultivated plants. The parenchyma cells of wild plants 
contain high quantity of starch grains. Both parenchyma cells had mucilage and resinous 
substances but were more in the wild plants than in the cultivated ones (Figure 6C & D). The 
xylem of each bundle was arranged in parallel rows in both wild and cultivated species. The 
cells in the wild rhizome were square in shape while cells of cultivated plants were diagonal and 
rectangular in shape (Figure 6C & D).  
Figure 6: Anatomy of rhizome of A. amatymbica. A-wild plant (150X), B- cultivated plant 
(150X), C- Wild plant (550X), D- Cultivated plant (550 X), PH- Phloem, Xy- Xylem. 
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4.3.7 Energy dispersive X-ray spectroscopy  
X-ray microanalysis of wild and cultivated plant parts of Alepidea amatymbica showed the 
spectra of the following elements: Calcium (Ca), potassium (K), sulphur (S), phosphorous (P), 
Sodium (Na), Carbon (C), Oxygen (O), Magnesium (Mg), Nitrogen (N), Aluminium (Al), 
Silicon (Si) and Bromine (Br) as shown in Table 1. The X-ray microanalysis of aerial stems of 
cultivated plants showed higher spectra of C and K while aerial stems of wild plants had higher 
spectra of Oxygen. Bromine and nitrogen which were present in the aerial stems of wild plants 
only. Leaves of the wild plants exhibited higher percentage of C, O, S, Ca and Mg while leaves 
of cultivated ones had higher percent of O and K only. The spectrum of Na was observed in the 
leaves of cultivated plants while absent in the leaves of wild plants. Silicon was observed in the 
leaves of wild plants only. The spectra of C, O and S were found to be higher in the rhizome of 
cultivated plants while wild plants had higher spectra of K and Ca. The rhizome of cultivated 
plants revealed the presence of Na, Mg, Al, Si and P which were absent in the wild plants. The 
spectra of C, O, Mg and Ca were higher in the contractile roots of cultivated plants while wild 
contractile roots exhibited higher percent of K. The spectra of Al, Si and P was only observed in 
the contractile roots of cultivated plants. The spectrum of N and Na was only observed in the 
contractile root of wild plants. The gold (Au) was assumed to be derived from the sputter coater.   
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Table 1: Concentrations (SEM-EDXA) of various elements in aerial stem, contractile root, rhizome and leaf of Alepidea amatymbica. 
Values are represented in weight percentage of peak/ background 
Elements (%) 
Concentrations in wild plants Concentrations in cultivated plants 
Aerial stems  Leaves Rhizomes Contractile roots Aerial stems Leaves  Rhizomes Contractile roots 
C 17.40±0.56 32.05± 0.76 19.97±1.10 14.13±0.51 42.82±4.17 31.95±0.49 25.45±0.66 27.26±0.69 
O 32.53±0.84 37.69±1.03 45.22±2.01 25.67±1.28 22.29±3.72 42.10±0.69 48.48±0.85 56.33±0.93 
Na - - - 0.35±0.08 - 1.10±0.14 0.64±0.12 - 
Mg - 0.71±0.11 - 0.24±0.06 - 0.56±0.08 1.18±0.10 1.71±0.19 
S - 0.01±0.16 - - 0.34±1.35 - 0.16±0.16 - 
K 0.55±0.09 0.61±0.12 1.94±0.26 2.66±0.12 3.06±0.61 1.90±0.10 1.67±0.12 2.05±0.29 
Ca - 2.27±0.33 4.96±0.65 1.79±0.13 - 1.06±0.10 2.83±0.15 3.15±0.34 
Au 45.71±6.67 25.33±8.23 25.22±13.51 51.29±6.32 31.49±6.98 21.32±4.75 - 1.95±5.67 
Al - - - - 3.06±0.061 - 1.58±0.10 0.44±0.12 
Si - 1.33±0.11 - - - - 2.74±0.11 1.72±0.12 
P - - - - - - 3.40±0.20 5.39±0.34 
N 3.45±1.39 - 5.4±3.62 3.85±1.28 - - - - 
Br 0.36±0.13 - - - - - - - 
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4.4 Discussion 
Strong helical wall thickening of vessels and scalariform perforation plates observed in the aerial 
stem of the wild A a.matymbica may be attributed to adaptation of plants to extreme dry 
conditions. It has been reported that water deficiency increases helical thickening and 
lignification of the epidermal cells (Jansen et al., 2004). Strong helical thickening could also be 
due to an adaptation characteristic to different climatic conditions of the plant growing in natural 
habitat (Degenhardt and Gimmler, 2000). 
The pronounced thicker xylem vessels on the inner side walls of the wild A. amtymbica 
contractile roots could be attributed to agro-morphological conditions such as drought in the 
natural habitat. It has been reported that the drying effect of the leaf surfaces promotes water 
movement from the roots to other parts of the plant and this process helps to prevent xylem 
vessels and tracheids in the roots from collapsing while under tension via helical thickening of 
the walls (Cutler, 2005). The lumpy starch grains observed in the parenchyma cells of the wild 
contractile roots could be related to the stored nutrients responsible for rhizome. It has been 
reported that the accumulation of a considerable amount of starch in the underground organs is 
responsible for rhizome regeneration purposes during preceding vegetative period which allows 
rapid growth and development of the whole plant during favourable conditions 
(Abdurakhmanova et al., 2001). 
The observed granule like structure in the parenchyma cells of the rhizome may be the nutrients 
that are stored for regeneration process. It has been reported that rhizomes store large quantities 
of polysaccharides, mucilage and resinous substances as energy reserves (Sahhar et al., 2011). 
The accumulation of mucilage and resins observed in the rhizome of the wild plants may also be 
storage of nutrients responsible for rhizome regeneration. It has been reported that resins and 
starch grains in the rhizome are responsible for regeneration of the plants (Batagin-Pioto et al., 
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2012). Hence, the rhizomes of A. amatymbica remains dormant during winter season and 
produce the shoot in summer.  
The epicuticular wax observed in the epidermal cell on the leaves of the cultivated plants may be 
due to the growing conditions during cultivation. It has been reported that agronomic conditions 
such as low relative humidity and high CO2 concentration in the controlled environmental 
conditions cause the epicuticular wax in the leaves (Yang and Miao, 2010). The covering of 
stomata by epicuticular wax in the cultivated plants might have an effect in protecting plants 
from losing water and acclimatisation of the plants in the controlled environment. It has been 
reported that epicuticular wax is extremely important for acclimatisation of plants and it also 
helps to control transpiration rate and passive losses of water (Taiz and Zeiger, 2006). The non- 
sunken raised stomata observed in the wild plants may be probably a result of higher diffusion 
gradient of water vapour. These effects of water deficiency as seen on the stomata structure are 
mechanisms that enable plants to survive stress conditions (Bondada and Oosterhuis, 2000; 
Comstock, 2002). The plasmolysed bristles observed in wild plants could be due to exposure of 
leaves to varying environmental conditions. Variations in morphological features of leaves 
which are related to the amount of exposure to light, degree of salinity or water availability have 
been reported for many species (Meyer and Anderson, 1968; Gu et al., 1999; Shin et al., 2009). 
The variations in their characteristics were interpreted as reactions to specific environmental 
conditions (Leymaire et al., 1999; Charles and David, 2003).  
The higher spectra of C, O, S, Ca and Mg, retained by the leaves of wild A. amatymbica may be 
due to defence mechanism of plants to the environmental stress. Several studies have reported 
that majority of elements or compounds of plant origin are products of defence to plant stress 
and secondary metabolism (Sudha and Ravishankar, 2002; Andrew et al., 2007; Kuzel et al., 
2009). The higher amount of C and O observed in the cultivated plants may be due to active 
period of photosynthesis, where stomata are always open and allow free passage of carbon 
    
  114   
  
dioxide into and out of the leaf (Wullschleger and Oosterhuis, 1991). Higher spectrum of 
magnesium observed in the leaves of wild plants may be caused by the reduction of soil 
moisture which may have increased microbial activity and additions of the organic matter (Singh 
and Sinha, 2004). The higher spectra of K and O observed in the leaves of the cultivated plants 
could be related to the open stomata as a result of either metal induced inhibition of an energy 
system or the alteration of K+ fluxes through membranes (Singh et al., 2000). It was reported 
that potassium participates in many cellular functions, such as protein synthesis, enzyme 
activation and osmotic regulation (Peng et al., 2004; Amtmann et al., 2008). Low amounts of 
Na+ observed in the leaves of the cultivated plants may be due to the uptake of nutrients by 
plants from the medium used for cultivation. It has be reported that plants maintain their osmotic 
potential by transporting other elements to other plant parts to avoid accumulation of Na+ in the 
leaves (Xue et al., 2013; Queiros et al., 2009). The presence of Silica (Si) observed in the leaves 
of wild plants may be due to the effects of abiotic stresses such as salt stress, metal toxicity, 
drought stress, high temperature and freezing. It has been reported that Si could alleviate the 
effects of abiotic stresses such as salt stress, drought stress and metal toxicity (Hattori et al., 
2005).  
The absence of nitrogen observed in the aerial stems of the cultivated plants may be due to the 
monoculture or similar environmental conditions of cultivation. It has been reported that it is 
possible to obtain nitrogen in natural habitats is derived from manure or decomposable organic 
matter in the soil (Lux et al., 2004; Peng et al., 2004). Low amounts of bromine observed in the 
aerial stems of the wild plants could be due to Br that is naturally present in the soil. It has been 
reported that bromine can be a substitute for chlorine as plant requirements. Bromine is known 
to be toxic to plants if it is in excess but it can be disregarded if it is very low (Choi et al., 2001). 
The absence of phosphorous observed in the rhizome of the wild plants may due to the leaching, 
erosion and leaching in the natural habitat. Hence, phosphorous was observed in the cultivated 
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plants only. Bitonti et al. (1996) also reported that phosphorous can be lost in plants by the 
process of leaching or erosion. The higher amounts or conentration of K+ and Ca+ observed in 
the rhizomes of the wild plants may be due to its presence in the soil of a natural habitat. Ayala-
Cordero et al. (2006) reported that there was a positive correlation of calcium accumulation, 
potassium and stress induced by water deficit.  It has been reported that calcium is needed in the 
soil to improve plant yield or to remove various toxicities or correct imbalances due to excess of 
potassium (Xue et al., 2013). The lowest amount of the calcium in the cultivated plants is 
attributed to low calcium amount in the cultivation media. Calcium has been reported to reduce 
transpiration rate and prevents water loss during hot and dry periods (Alves et al., 2008).  
The higher amounts of potassium observed in the contractile roots of wild plants may be due to 
the fact that K+ has been sequestered by the plants so as to tolerate stress. It has been reported 
that K+ plays a critical role in homeostasis for plant tolerance to abiotic stresses (Shabala and 
Pittosin, 2014). The presence of Al and Si observed in the contractile roots of the cultivated 
plants may be due to effect of the agronomic condition of cultivation. It has been reported that 
aluminium restrict plant development and it has marked effect on the roots (Azevedo-Neto and 
Prisco, 2004).  
4.5 Conclusion 
The result of this study indicated that environmental factors play a crucial role in the anatomy 
and metabolic activity of the A. amatymbica. The contractile roots of wild plants showed 
pronounced helical thickening on the inner wall of the xylem cells and lumpy grains on 
parenchymal cells of the cortex. The epidermal cells in the leaves of wild and cultivated plants 
were distinguished by the presence of the epicuticular wax. The EDXS revealed numerous 
differences and disproportionate quantities of elements in wild and cultivated plants. The 
variations on the quantities of elements were location dependent in different plant parts. The 
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observed results give an insight for further exploitation of proper management and to optimise 
regeneration and maintenance protocol for an efficient conservation of A. amatymbica.  
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5.1 Introduction 
Many people in developing countries depend on traditional medicines for their health care. It is 
estimated that about four billion people in the world use herbal medicine as a primary source of 
health care (WHO, 2014). Medicinal plants are popular and represent considerable proportion of 
the global drug market. Medicinal plants are the main source of compounds responsible for drug 
development because of their effective biological activities (Albert et al., 2011). In African folk 
and traditional medicine, most medicinal plants are indiscriminately used by the healers without 
regards to their possible safety (Okigbo et al., 2009). The increase in number of herbal users as 
opposed to the insufficiency of scientific evidence on safety has raised concerns regarding the 
detrimental effects of medicinal plants (Jeda et al., 2014).  
Although herbal drugs are regarded as safe compared to synthetic drugs and are bio and eco-
friendly (Jeda et al., 2014), there is a strong belief that herbal medicines may not be devoid of 
side effects. These concerns about the safety of herbal remedies continues to remain a major 
issue (Ernst, 2002). Olajuyigbe and Afolayan (2012) reported the adverse effects allegedly 
arising from the use of medicinal plants. Medicinal plants have been reported to produce wide 
range of undesirable or adverse reactions some of which could cause serious injuries, abortion, 
dizziness, vomiting, diarrhoea, abdominal pain, fast heartbeat, ulcer, loss of appetite, life-
threatening conditions and even death (Ekor, 2014). In order to minimise the adverse side effects 
of medicinal plants and to ensure the safety and efficacy of herbal medicines the World Health 
Organisation (WHO) recommends that plants used for treatment of various ailments should be 
further evaluated for their toxicity potential (Jamal et al., 2011).  
Brine Shrimp Lethality Assay (BLSA) is a convenient system for monitoring biological 
activities of various plant species. The assay is capable of detecting broad spectrum bioactivity 
present in crude extracts and is a very useful assessment of the safety of various medicinal plants 
(Gadir, 2012; Naidu et al., 2014). The technique is cost effective and has been successfully used 
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in bioguided assay of anti-tumour, fungi, toxins, pesticidal compounds and cytotoxicity of dental 
materials (Olowa and Nuneza, 2013; Otang et al., 2013). 
Alepidea amatymbica is a herbaceous perennial plant with dark green leaves arising from a 
single branched rhizome. The plant is critically endangered in Zimbabwe, vulnerable in Lesotho 
and it is listed as a lower risk or near threatened but locally extinct in certain heavily collected 
areas of Southern African countries (Maroyi, 2008). In South Africa A. amatymbica is currently 
classified as vulnerable due to overharvesting for commercial trading (Raimondo et al., 2009). 
The most commonly part used for medicinal purposes is the rhizome.  
Although researchers have proposed some practical approaches to counteract the risk of 
extinction (Makunga et al., 2008; Masondo et al., 2013), the most promising is domestication by 
means of cultivation (Lubbe and Verpoorte, 2011, Haedeh et al., 2016). Nevertheless, the 
traditional disbeliefs towards cultivated plants being less potent than wild plants results in such 
plants being over exploited (Luseba et al., 2011). Convincing evidence of the effectiveness of 
cultivated plants on the standardization of quality and quantity of therapeutic effect compared to 
wild plants could ease the overexploitation of the wild population. Therefore, the objective of 
this study was to evaluate and compare the potential toxicity of wild and cultivated A. 
amatymbica using brine shrimp hatchability and lethality assays (BSH and BSLA) in order to 
validate ethno-pharmacological safety of cultivated A. amatymbica as an alternative to the wild 
species. 
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5.2 Materials and methods  
5.2.1 Location and collection of sample  
As described in chapter four. 
5.2.2 Extraction procedure  
The rhizomes from wild and cultivated plants were rinsed with deionized water to remove soil 
particles and gently blotted with paper towel to remove water before chopping using sterilized 
kitchen grater. Portions of grated wild and cultivated fresh A. amatymbica (200 g) were 
separately extracted in different solvents (acetone, water, and methanol) on an orbital shaker 
(Stuart Scientific Orbital SOI, Essex) for 24 hours. Each extract was filtered using a Buncher 
funnel and Whatman No 1 filter paper. Methanol and acetone extracts were concentrated using a 
rotary evaporator while the water extract was frozen at - 40˚C and concentrated using a (Vir Tis 
bench top K, Vir Tis Co. Gardiner, NY) freeze dryer for 48 hours. Acetone and methanol 
extracts were concentrated to dryness under reduced pressure using rotary vapour (Strike 202, 
Steroglass, Italy). Each extract was subsequently reconstituted in its solvent of extraction to give 
desired concentrations used for the various analyses. 
5.2.3 Preparation of the assay  
The method described by Ohikhena et al. (2016) was employed with little modifications. Five 
Petri dishes containing 40 ml of the extracts were prepared in filtered sea water by first 
dissolving them in an infinitesimal amount of the parent solvents to yield a two-fold series of 
concentrations (0.125, 0.25, 0.5 and 1 mg/ml) of the plant extracts solution with 1% Dimethyl 
Sulphur Oxide (DMSO). Three replications were used for each concentration. Sea water and 
Nystatin were used as controls. A positive control was prepared in Petri dishes by dissolving 
Nystatin in sea water in the same concentrations as plant extracts. The Petri dishes were allowed 
to stand for 30 minutes to allow solvents to evaporate at room temperature. 
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5.2.4 Artemia salina hatching assay  
Brine shrimp was evaluated by assessing the hatching success of A. salina cysts as described by 
the method of Ohikhena et al. (2016). Ten (10) A. salina cyst were stocked in each Petri dish 
containing 40 ml of the incubation medium at varying concentrations. The Petri dishes were 
partly covered, incubated at 30º C under constant illumination for 72 hours. The number of free 
moving nauplii in each Petri dish was counted after 24 hours for the first interval, and then after 
12 hour intervals until 72 hours. The nauplii were examined against lighted background, with 
magnifying lens. The percentage of hatchability was assessed by comparing the number of 
hatched nauplii with the total number of cyst stocked in three repicates. 
5.2.5 Artemia salina lethality assay 
Brine shrimp lethality assay was evaluated by assessing the mortality of A. salina larvae. 
Artemsia salina were hatched in sea water and 10 nauplii were pippeted into each Petri dish 
containing different concentrations (0.125, 0.25, 0.5 and 1 mg/ml) of the plant fractions 
solutions with 1% of DMSO and positive control prepared in filtered sea water. To ensure that 
mortality observed in the bioassay is attributed to bioactive compounds and not starvation, blank 
control (sea water) was added for comparison (Kibiti and Afolayan, 2016). Three replicates were 
used for each concentration. The Petri dishes were incubated at 30º C under constant 
illumination for 72 hours. The Petri dishes were then examined and the number of nauplii (that 
exhibited movement during 30 seconds of observation) was counted after every 12 hours until 
termination at 72 hours. The nauplii were examined against lighted background, with 
magnifying lens. The percentage of mortality was calculated as: 
Mortality (%) = (Total nauplii-Live nauplii) X100 
Total nauplii 
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5.3 Data analysis  
The mean results of the brine shrimp on hatchability and mortality data obtained from four 
concentrations of plant extracts and control experiments were used to construct the dose 
response curves. The Minimum Inhibitory Concentration (MIC50) was used to determine the 
concentration of the plant extracts and standard drug that inhibited hatching of 50% cysts. The 
Lethal Concentration (LC50) was taken as the concentration required for producing 50% 
mortality of the nauplii. This was calculated according to previously reported method of Syahmi 
et al. (2010). The regression equation was used to calculate LC50 and MIC50 values.  The LC50 
and MIC50 values were determined from the best-fit line of the percentage hatchability and 
lethality against the concentration of the plant extracts. The statistical analysis was done using 
SAS statistical package (SAS, 2010). A two way analysis of variance (ANOVA) was used to test 
the effects of concentration and time of exposure of the plant extracts from wild and cultivated 
A. amatymbica on the hatchability of the cysts and mortality of the larvae. Means were 
compared using Duncan’s Multiple Range Tests at P< 0.05. 
5.4 Results  
5.4.1 Brine shrimp hatchability assay (BHSA) 
The aggregate mean percentage of hatching success of Artemia salina cysts incubated in 
different solvent fractions of the plant extracts and controls is presented in Figure 1. The highest 
hatching success was observed in the cysts incubated in water extract (46.17%) of wild A. 
amatymbica and followed by water extracts (40.83%) of cultivated A. amatymbica plants 
compared to all solvent used in the study. There was a significant difference (p<0.05) between 
water extracts of the wild and cultivated A. amatymbica. The hatching success of the cysts in the 
methanol extracts of the wild and the cultivated plants was not significantly different (p>0.05). 
Methanol extracts of the cultivated plants had a higher hatching success of 15.67%. Significant 
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difference (p<0.05) was observed in the acetone extracts of wild and cultivated plants. The 
acetone extracts of the wild A. amatymbica had a significantly higher (p<0.05) hatching success 
of 16.83%. The hatching success in the solvent extracts was observed in the following order: 
water (wild) > sea water (control) > water (cultivated) > acetone (wild) > methanol (cultivated) 
> methanol (wild) > acetone (cultivated) > nystatin (control). 
 
Figure 1: Percentage hatching success of Artemia salina cyst incubated in different solvent 
extracts and controls. The values are means of four concentrations for each plant extract/ control 
±SD of three replicates. Set of bars with different letters in the same group of extract are 
significantly different (p<0.05). Wild = Wild A. amatymbica, cultivated = Cultivated A. 
amatymbica 
 
5.4.2 The effect of different solvent concentration on hatching success of wild and 
cultivated A. amatymbica 
Similar concentrations of wild and cultivated A. amatymbica extracts in varying concentrations 
levels from the same solvents were compared. The results on hatching success of the cysts are 
presented in Figure 2. The highest hatching success was observed in A. salina cysts incubated in 
water extract of the wild plants followed by water extract of cultivated A. amatymbica. There 
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was a significant difference (p<0.05) on the hatching success of water extracts of wild and 
cultivated plants at the concentration of 1 mg/ml and 0.5 mg/ml except at 0.25 mg/ml and 0.125 
mg/ml. Water extracts of the wild plants exhibited higher hatching success of 30.66% and 53.3% 
at 1 mg/ml and 0.5 mg/ml concentrations respectively. Methanol extracts of both wild and the 
cultivated plants showed no significant difference (p>0.05) at 1 mg/ml, 0.5 mg/ml and 0.25 
mg/ml except in 0.125 mg/ml. At 0.125 mg/ml, methanol extracts of the cultivated plants had a 
higher hatching success of 28%. There was a significant difference (p<0.05) in the hatching 
success of acetone extracts of the wild and cultivated plants at all concentrations except at 1 
mg/ml. Acetone extract of the wild plants had a significantly higher (p<0.05) hatching success 
of  22, 22.6 and 22% at 0.5, 0.25 and 0.125 mg/ml concentrations, respectively. There was a 
dose–dependent response in the positive control which showed that hatching success of A. salina 
cysts decreased with increasing concentration of the nystatin 
  
Figure 2: Percentage hatching success of Artemia salina cysts incubated in different 
concentrations of the plant extracts and control. The values are means of replicates (at different 
hours) for the concentrations for each plant extract/ control. Set of bars represents the effect of 
solvent extracts/positive control at varying concentrations on the hatching success of the cysts. 
Set of bars with different letters within same extract and same concentration are significantly 
different (p<0.05), wild = wild A. amatymbica, cultivated = cultivated A. amatymbica. 
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5.4.3 The effects of exposure time on the hatching success  
The effect of exposure time on the hatching success on A salina is shown in Figure 3. The peak 
of hatchability was observed at 36 hours of incubation in all the extracts. There was a decline in 
hatching after 36 hours in all extracts except in the sea water where hatching success increased 
with time. No significant difference (P>0.05) was observed between water extracts of the 
cultivated and wild plants at 24, 36 and 72h except at 48 and 60h interval. Water extracts of the 
wild plants had significantly higher hatching success of 48.33 and 43.33% at 48 and 60 hours 
respectively. There was no significant difference (p>0.05) in hatching success between methanol 
extracts of the cultivated and wild plants at all time interval except at 72 hours. Methanol 
extracts of the cultivated plants had a significantly higher hatching success of 7.5%. There was 
no significance difference (p>0.05) in hatching success of acetone extracts between the 
cultivated and wild plants at 36 , 60 and 72 hours except at 24 and 48 hours. At 24h time interval 
acetone extracts of the wild plamts showed significantly higher (p<0.05) hatching success of 
25.3%. Hatching success of the acetone extracts of the wild plants decreased significantly 
(p<0.05) to 12% while cultivated plants was 20% at 48h interval.  
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Figure 3: Percentage hatching success of Artemia salina cysts incubated at different durations in 
the plant extracts/controls. The values are means of replicates (of all the concentration) for each 
plant extracts/ control. Set of bars represents the effect of the solvent extracts/positive control 
varying time of exposure on hatching success of the cysts. Set of bars with different letters 
within same extract and same concentration are significantly different (p<0.05), wild = wild A. 
amatymbica, cultivated = cultivated A. amatymbica 
 
5.4.4 Brine Shrimp Lethality Assay (BLSA) 
The aggregate mean percentage of mortality of A. salina larvae incubated in different solvent 
extracts of wild and cultivated A. amatymbica and control are presented in Figure 4. Water 
extract of the wild plants exhibited the least mortality of nauplii followed by water extracts of 
the cultivated plants compared to all solvent used in the study. There was a significant difference 
(p<0.05) in percent mortality between water extracts of the wild and cultivated plants. Water 
extract of the cultivated plants exhibited a significantly higher (p<0.05) mortality of 20.97%. A 
salina larvae incubated in methanol extracts of both wild and cultivated A. amatymbica showed 
no significant difference (p>0.05) in mortality. Methanol extract of cultivated plants had a 
higher mortality of 47%. There was a significant difference (p<0.05) in mortality of acetone 
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extracts of the wild and cultivated plants. The acetone extract of the wild plants had a 
significantly higher (p<0.05) mortality of 71.25%.  
 
Figure 4: Percentage mortality of cultivated and wild A. amatymbica incubated in different 
plant extracts and controls. Mean are values of four concentrations for each plant fraction/ 
control± SD of three replicates. Set of bars with different letters within extract are significantly 
different (p<0.05), wild = wild A. amatymbica, cultivated = cultivated A. amatymbica 
 
5.4.5 The effect of different concentrations on the mortality of Brine shrimp 
Similar concentrations of wild and cultivated extracts from similar solvent were compared for 
four levels of concentrations. The effects on the mortality of larvae are shown in Figure 5. The 
degree of mortality of nauplii was concentration dependent in all solvent extracts. The higher the 
concentration, the higher the mortality of the nauplii. Water extracts of wild and cultivated 
plants showed the least percentage mortality compared to all solvent extracts. Water extracts of 
wild and cultivated plants showed significant differences (p<0.05) at all concentrations. Water 
extract of cultivated plants showed significantly (p<0.05) higher mortality of 34.4, 20.56, 18.8 
and 10% at 1, 0.5, 0.25 and 0.125 mg/ml concentrations respectively. There was no significant 
difference (p>0.05) in the mortality between methanol extracts of cultivated and wild plants at 
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0.25 mg/ml and 0.125 mg/ml concentrations. However, at 1 mg/ml and 0.5 mg/ml methanol 
extracts of the cultivated plants had significantly higher (p<0.05) mortality of 84.44% and 
38.33% respectively. Acetone extracts of wild and cultivated plant showed no significant 
difference (p>0.05) in mortality at 1 mg/ml and 0.5 mg/ml only. Acetone extract of wild plants 
had significantly higher (p<0.05) mortality of 60% and 38.33% at concentrations of 0.25 mg/ml 
and 0.125 mg/ml, respectively.  
  
Figure 5: Percentage mortality of Artemia salina nauplii incubated in different concentrations of 
plant extracts and control. The values are means of the replicates (at different hours) for the 
concentration for each plant extracts/ control± SD of three replicates. Set of bars represent the 
effect of the solvent extracts/positive control at varying concentrations on the mortality of the 
nauplii. Set of bars with different letters within same extract and same concentration are 
significantly different (p<0.05), wild = wild A. amatymbica, cultivated = cultivated A. 
amatymbica. 
  
5.4.6 The effect of exposure time on the mortality of A. salina nauplii 
The effect of exposure time on the mortality of A. salina nauplii is shown in Figure 6. The 
results revealed that the percentage mortality was time dependent; the longer the exposure of the 
nauplii to the plant extracts, the higher the mortality. Water extracts of both wild and cultivated 
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plants had the lowest mortality compared to all extracts at all times of exposure. There was a 
significant difference (p<0.05) in the mortality of water extracts between the wild and cultivated 
at all time interval excepts at the 12h interval. Water extract of cultivated plants had a 
significantly higher mortality at all time interval except at 12h interval. There was a significant 
difference (p<0.05) in the mortality of nauplii between methanol extracts of the cultivated and 
wild plants at all time interval except at 60h interval. Methanol extract of the cultivated plants  
had a significantly higher (p<0.05) mortality of 14.6, 36.6, 44.16 and 45.83% at 12, 24, 36 and 
48 hours respectively except at 72h interval. At 72h interval methanol extracts of the wild plants 
had a significantly higher (p<0.05) mortality of 86.6%. There was no significance difference 
(p>0.05) between  acetone extracts of the wild and cultivated plants at 12, 24, 36 and 48 hours 
excepts at 60h and 72h. It was observed that at time interval of 60 and 72h of exposure nauplii to 
acetone extracts from the wild plants had a significantly (p<0.05) higher mortality of 90.6% and 
96.6% respectively. 
 
Figure 6: Percentage mortality of Artemia salina cysts incubated in different time durations in 
the plant extracts/controls. The values are means of replicates (of all the concentrations) for each 
plant extracts/control ±SD. Set of bars represent the effect of the solvent extracts/positive 
control at varying time of exposure on the mortality of the nauplii. Set of bars with different 
letters within same extract and same concentration are significantly different (p<0.05), wild = 
wild A. amatymbica, cultivated = cultivated A. amatymbica. 
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5.4.7 Inhibitory effects of different solvent extracts on hatchability and mortality 
The inhibitory effects of the different solvents extracts and positive control on the hatchability 
and mortality (expected dose or concentration that will kill 50% of nauplii) are presented in 
Table 1. Water extract of cultivated plants showed the highest inhibitory hatching activity of < 
0.208 mg/ml while water extracts of the wild plants was < 0.184 mg/ml. Hatching of the cysts 
success in acetone and methanol extracts showed the highest inhibitory activity with MIC of < 
0.025 mg/ml which were similar for both wild and cultivated plants. The positive control 
(Nystatin) exhibited inhibitory activity with MIC50 of < 0.0625 mg/ml. The inhibition of 
hatching by the solvents extracts followed the order: methanol (wild and cultivated) and acetone 
(wild and cultivated) > Nystatin (control) > water (wild) > water (cultivated). Water extracts of 
both wild and cultivated plants had a similar lethal dose of > 1 mg/ml. Methanol extracts of the 
cultivated plants had a lethal dose of 0.628 mg/ml while methanol extracts of the wild plants 
extract 0.695 mg/ml. Acetone extract of the wild plant had a lethal dose of 0.191 mg/ml while 
cultivated plant had a lethal dose 0.270 mg/ml. The test drug Nystatin had the best lethal dose of 
0.0625 mg/ml compared to all plant extracts. All extracts showed lethality in following order: 
Nystatin (control) > acetone (wild) > acetone (cultivated) > methanol (cultivated) > methanol 
(wild) > water extract (wild and cultivated plants). 
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Table 1: Hatchability and lethality of Artemia salina in different plant extracts as shown by their 
MIC50 and LC50 values, respectively. 
Solvent  Hatchability assay Lethality assay 
Wild Cultivated  Wild  Cultivated 
MIC50 
(mg/ml) 
MIC50 
(mg/ml) 
LC50 
(mg/ml) 
LC50 
(mg/ml) 
Acetone extract <0.025 <0.025 0.191 0.270 
Methanol extract <0.025 <0.025 0.695 0.628 
Water extract 0.184 0.208 >1 >1 
Nystatin <0.0625 <0.0625 <0.0625 <0.0625 
 
MIC50 and LC50 are defined as the concentration (mg/ml) of the plant extracts and positive 
control (Nystatin) sufficient to obtain 50% of hatching inhibition of the cysts and mortality of 
the nauplii of Artemia salina, respectively. 
 
5.5 Discussion 
Brine Shrimp Test (BST) is an efficient, rapid and inexpensive assay for preliminary evaluation 
of the general toxicity of herbal remedies. It is an excellent choice for elementary toxicity 
investigations based on the ability of extracts to kill laboratory-cultured Artemia nauplii 
(Carballo et al., 2002). In this study, the toxicity of wild and cultivated A. amatymbica was 
evaluated by assessing the inhibition of hatching of the cysts and mortality of the hatched cysts 
(nauplii) in varying concentrations of A. amatymbica extracts and control. The significantly 
higher hatching success of the acetone and water extract of wild plants may be due to variation 
in levels of bioactive compound as well as presence or absence of secondary metabolites which 
interfered with bioactivity of the wild compared to cultivated plants (Chelela et al., 2014). The 
hatching success of A. salina incubated with water extracts of wild and cultivated plants had a 
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significantly higher hatching success, because it might be least toxic compared to methanol and 
acetone extracts. This could also suggest that cyst are more resistant to hatching in the acetone 
and methanol extracts than in the water extracts. This resistance could be attributed to the 
permeability barrier in the cysts (Abu-Shanab et al., 2004). This could also explain why most 
medicinal plants users prepare their medicinal plants using water as a solvent because it is 
usually not or less toxic (Kibiti and Afolayan, 2016).  
It was observed that cysts incubated in 1 mg/ml of acetone and methanol of both wild and 
cultivated plant extracts did not hatch. The inability of the cysts to hatch at that concentration 
could have been attributed to the high amount of toxic compounds present in the acetone and 
methanol extracts of wild and cultivated A. amatymbica. It was also reported that variation in 
levels of secondary metabolites in plants could have effect on the embryonic development of A. 
salina cysts (Subhadra et al., 2011). Water extracts of the wild plant was observed to have 
significantly higher hatching success at all concentrations except at 0.125 mg/ml. This could 
suggest that maximum hatching was achieved before that concentration. It has been reported that 
Artemia salina cysts have a resistant cyst stage which is tolerant of a wide range of salinity from 
saturated saline to almost fresh water and until the dormancy is broken, hatching will not occur 
(Otang et al., 2013). The non-significant difference observed between water extracts of wild and 
cultivated plants at 0.125 mg/ml could suggest that this concentration is the best in breaking 
dormancy of the cyst and hence encouraged its hatching. The significantly higher hatching 
success was observed in methanol extracts of the wild plants at 1 mg/ml and 0.5 mg/ml but 
surprisingly methanol extracts of the cultivated plants had significantly higher hatching success 
at 0.125 mg/ml. The low hatchability in the methanol extracts of cultivated plants could be due 
to the amount of secondary metabolites present at 1 mg/ml and 0.5 mg/ml which probably 
altered the development of A. salina embryos. It has been reported that level of toxins or 
secondary metabolites inhibits the progression of A. salina in early developmental stages which 
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may cause eggs to further encyst in response to chemical toxins (Subhadra et al., 2011). The 
acetone extracts of the wild plants had the highest hatching success because they might have 
been least toxic compared to acetone extracts of the cultivated plants. This could suggest that 
variability in the presence of secondary metabolites in the wild and cultivated A. amatymbica 
have an effect on the embryonic development of the cysts (Sharma et al., 2013).  
The hatching of the cysts in response to exposure time in all extracts revealed that the optimal 
time was within 36h. This result is in agreement with various reports that the best hatching time 
for A. salina is between 36-48h (Kibiti and Afolayan, 2016; Ohikhena et al., 2016; Meyer et al., 
1982). The reduction of hatching success after 36 hours in both wild and cultivated A. 
amatymbica extracts suggest that the long exposure of cysts could reveal their greatest 
sensitivity to toxins. It has been reported that long exposure of A. salina to plant toxins is known 
to inhibit the progression of its developmental stages (Krishnaraju et al., 2005). In comparison to 
water extracts of the cultivated plants, the findings of this study indicated that water extract of 
the wild plants was observed to have significantly higher hatching success in all time interval. 
The low hatchability in the cultivated plants could also suggest that cultivation has an effect on 
the synthesis of secondary metabolites (Syahmi et al., 2010). This might suggest that water 
extracts of the wild plants may be less toxic compared to cultivated plants. The low hatching 
success observed in acetone extracts of the cultivated plants at 24h which surprisingly increased 
significantly at 48h might be due to susceptibility of the cysts to toxins present in the plant 
extracts during its early stage of development. Similar results was also reported by Vasconcelos 
et al. (2010), that the presence of secondary metabolites in the plant extracts delays the 
development of A. salina embryos.  
The use of hatched larvae (nauplii) has been used to bypass this toxins tolerant cyst stage hence 
the lethality assay was employed. Lethality assay has been reported to be more appropriate test 
for the preliminary screening of medicinal plants toxicity because it has the advantage of 
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circumventing the toxin tolerance of the cyst stage as the nauplii are very sensitive to toxins 
(McLaughlin et al., 1998). Water and methanol extracts of the wild plants exhibited the least 
mortality but surprisingly acetone extracts of the cultivated plants had significantly lower 
percent of mortality compared to wild plants. This could also suggest that some of secondary 
metabolites were not expressed during cultivation conditions. Similar result was also reported by 
Schippmann et al., (2002) that active ingredients of secondary metabolites can be much lower in 
cultivated plants.  
The degree of mortality increased with increase in concentration. Highest mortality observed in 
the study occurred at 1 mg/ml and the least mortality was observed at the least concentration of 
0.125 mg/ml in all extracts of wild and cultivated A. amatymbica. Therefore, this result suggests 
that this plant possesses pharmacological activity based on the dosage administered (Kibiti and 
Afolayan, 2016). Low mortality observed in the water extracts of the wild plants in this study 
might be due to salinity and compatible solutes of the extract which favoured the survival of the 
nauplii. It has been reported that wild plants accumulate high compatible solutes compared to 
cultivated plants (Jaradat et al., 2015). It was observed that acetone extract of the wild plants had 
significantly higher mortality at 0.25 mg/ml and 0.125 mg/ml compared to acetone extracts of 
the cultivated plants, although there were no significant differences observed at 1 mg/ml and 0.5 
mg/ml. This could suggest that low levels of solutes or secondary metabolites in the cultivated 
plants was suitable for survival of the nauplli. The similarity observed in the study could justify 
the use of cultivated A. amatymbica as an alternative to wild plants. 
The effect of the plant extracts on the nauplii over duration of time was done to ascertain the 
maximum sensitivity of the nauplii on the toxic metabolites or chemical compounds present in 
them. Highest mortality of the nauplii observed at 60h and 72h of exposure to acetone and 
methanol extracts of both wild and cultivated plants may suggest that extracts may have some 
nutritive values that may have acted as food and have been depleted at that time interval. Similar 
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results were reported by Sreejamole and Radhakhrishan (2013), that nauplii attain the second 
and third instars of their lifecycle within 48 hours, hence revealed their greatest sensitivity to 
toxins at that time. Water extracts of the cultivated plants had significantly higher mortality at 
72h. This may suggest that long exposure time of the nauplii to plants extracts will have a toxic 
effects. This study supports Otang et al. (2013) that, it is advisable to evaluate the toxicological 
risk of plant extracts with Brine shrimp lethality test until 72h interval. 
According to Meyer et al. (1982) and Bastos et al. (2009), extracts from natural products with 
LC50 of less than 100 µg/ml are considered to have toxic effects, also extract is generally 
regarded as non-toxic if its LC50 is greater than 100 µg/ml in the brine shrimp lethality assay. 
Therefore, based on the criterion of the toxicity, A. amatymbica extracts can be regarded as 
toxic. This suggests that methanol and acetone extracts of wild and cultivated plants can be a 
potential solvent for isolation of antitumor compounds. The brine shrimp lethality shows the 
bioactivity of the extract which in most cases correlates reasonably well with cytotoxic and 
antitumor properties (Krishnaraju et al., 2005). The toxic results of acetone extracts and 
methanol extracts from this study could be employed as promising alternatives in the 
management of tumours, as brine shrimp lethality test usually serves as an indicator for the 
preliminary screening bioactivity including anticancer (Artanti et al., 2012). It was observed that 
water extracts of the wild and cultivated plants had similar LC50. Water extracts of wild and 
cultivated plants may be considered to be safe to consume as herbal medicine. The findings from 
this study have shown similarity in toxicity of wild and cultivated A. amatymbica. Hence, 
cultivated medicinal plants can be used as alternative to wild populations. 
5.6 Conclusion  
All screened wild and cultivated A. amatymbica crude extracts demonstrated cytotoxicity effect, 
although the degree of their toxicity was different between the plants and the level of 
concentrations used. The observed results further give an insight for further exploitation of wild 
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and cultivated A. amatymbica as a potential source of bioactive compounds against cancer cells. 
The observed results also gives an indication that cultivated plants may be used in traditional or 
alternative medicine rather than relying on rhizomes from wild populations only. In order to 
meet the increasing demand of A. amatymbica by traditional healers and small scale farmers 
could consider the option of cultivating this highly-traded medicinal plants. 
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6.1 Introduction 
The rhizomes of Alepidea. amatymbica are widely used for the treatment of various diseases 
because of its effectiveness due to the presense of the bioactive compounds (Wintola and 
Afolayan, 2014). Polyphenolic compounds such as phenols and flavonoids have health benefits 
and are important part of human diet (Girish et al., 2008). These compounds have been reported 
in several studies as free radical scavengers against superoxide, lipid peroxyl and hydroxyl 
radicals (Kibiti and Afolayan, 2015; Sowunmi and Afolayan, 2015; Otang et al., 2012). This 
therefore, highlights many of their health-promoting functions as well as the prevention of 
diseases associated with oxidative damage of membranes, proteins and DNA (Oyedemi et al., 
2010). The amount of polyphenolic constituents present in the plant affects its antioxidant 
activities (Basile et al., 2005). Antioxidants are potential scavengers of free radicals in the body 
and protect the body against ill health and ravages of aging (Alluri et al., 2009). The use of 
natural antioxidants from plants has gained much attention as they are believed to be safer and 
have greater therapeutic activity than synthetic antioxidants (Yang et al., 2008). 
According to the International Union for Conservation of Nature and Natural resources (IUCN) 
red data list criteria of South Africa, A. amatymbica is considered vulnerable and under 
conservation in protected areas (Raimondo et al., 2009). It is mostly harvested for medicinal 
purposes and is used as antibacterial, antifungal, anti-inflammatory, antihypertensive, anti-HIV 
and diuretic agents (Wintola and Afolayan, 2014). It is overexploited, as it is commonly 
harvested for commercial purposes and sold in traditional markets (Dold and Cocks, 2002). The 
collection and trading of the plant products provide additional income for the rural poor people 
but, this however, may result in overexploitation which could lead to its extinction (Wynberg, 
2002).  
    
  149   
  
Domestication of medicinal plants offers an excellent means of halting this over exploitation 
(Lubbe and Verpoorte, 2011). As a conservation approach, ex situ cultivation is becoming a key 
element of modern conservation strategies (Pfab and Scholes, 2004). Unfortunately, medicinal 
plants users perceive cultivated plants as less potent compared to wild ones (Moeng and 
Potgieter, 2012), and lack of scientific evidence on the potency of cultivated medicinal plants 
remains a limiting factor. It is also reported that domestication of wild plants has to be done with 
extreme care because they may fail to synthesise the bioactive constituents following relocation 
(Kuzel et al., 2009). Several studies have reported that the majority of pharmacologically 
important plant compounds are produced during defence mechanism when plants are subjected 
to stress and other secondary metabolites are produced due to the ability of plants to respond to 
chemical and physical stimuli (Andrew et al., 2007; Sudha and Ravishankar, 2002). According 
to Bairu et al. (2010), plants that are growing outside their natural environments will thus not 
produce desired bioactive compounds; hence there is need to evaluate this claim. Zheng et al. 
(2013) also reported that the amount of phytochemicals in plants varies considerably from 
different ecological and climatic environments. No previous studies have been performed on the 
antioxidant and biological activities of Alepidea amatymbica grown in the wild and under 
cultivated conditions. Therefore this study investigated and compared phytochemical and 
antioxidant activity of the wild and cultivated A. amatymbica. The result of the study can 
provide useful information about the suitability of cultivated A. amatymbica rhizome as an 
alternative to wild species in terms of bioactive compounds. 
6.2 Material and methods 
6.2.1 Collection and preparation of plant material 
As described in chapter four. 
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6.2.2 Preparation of the plant extracts  
As described in chapter five. 
6.2.3 Determination of total flavonoids 
Total flavonoids in A. amatymbica was quantified using the method of Arjamand et al. (2012). 
Half a millilitre (0.5 ml) of 2% AlCl3 in ethanol was added to 0.5 ml (1 mg/ml) of sample 
solution, and incubated for 1 hour at room temperature, after which the absorbance was 
measured at 420 nm. The extracted sample was evaluated at a final concentration of 0.1 mg/ml 
and the flavonoid content was calculated as quercetin (mg/g) equivalents using the following 
equation based on the calibration curve: Y=0.025x, R2= 0.9812, where x is the absorbance and Y 
is quercetin acid equivalents (mg/g). 
6.2.4 Determination of total phenols 
Total phenolic content was determined using the Folin-Ciocalteu method described by Oyedemi 
et al. (2012) using tannic acid as standard. Half a millilitre (0.5 ml) of the extracts (1 mg/ml) 
was mixed with 2.5 ml of 10% Folin-Ciocalteau solution and 2 ml of Na2CO3 (75% w/v). The 
mixture was vortexed for 30 seconds and the resulting mixture was incubated at 40˚ C for 30 
minutes for colour development. Absorbance was measured at 765 nm using UV 
spectrophotometer (AJI-CO3 UV-VIS). The total phenolic content of the sample was expressed 
as mg/g of tannic acid using the following derived equation based on the calibration curve of the 
standard: Y= 0.1216 x, R2= 0.9365: where x is the absorbance and Y is the tannic acid 
equivalent (mg/ml).  
6.2.5 Determination of total flavonols 
Total flavonol content was estimated using the method of Mbabie et al. (2012). Two millilitre (2 
ml) of plant extracts (1 mg/ml) was mixed with 2 ml of AlCl3 prepared in ethanol and 3 ml of 50 
g/L sodium acetate solution. The absorption at 440 nm was measured after 2.5 hours incubation 
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at 20˚C. Total flavonoids content was calculated as quercetin (mg/g) using the derived equation 
based on the calibration curve Y= 0.0255 x, R2= 0.9812, where Y is the quercetin equivalent in 
mg/g and x is the absorbance. 
6.2.6 Determination of total proanthocyanidin 
Total proanthocyanidin was estimated as described by Kibiti and Afolayan (2015). Half a 
millilitre of 0.1 mg/ml of extract solution was mixed with 3 ml of 4% vanillin- methanol 
solution and 1.5 ml hydrochloric acid (HCL) and vortexed. The resulting mixture was allowed to 
stand for 15 minutes at room temperature followed by the measurement of the absorbance at 500 
nm. Total proanthocyanidin content was expressed as catechin equivalents (mg/g) using the 
following equation based on the calibration curve: Y = 0.5825x, R2 = 09277, where x is the 
absorbance and Y is the Catechin equivalent in mg/g.  
6.2.7 Determination of total tannin content 
Tannin content was estimated according to Sowunmi and Afolayan (2015) with slight 
modifications. 0.20 g of the sample was added to 20 ml of 50% methanol. This mixture was 
shaken thoroughly and placed in a water bath at 80˚C for 1 hour to ensure uniform mixing. The 
extract was filtered into a 100 ml volumetric flask, followed by the addition of 20 ml distilled 
water, 2.5 ml Folin-Ciocalteu reagent and 10 ml of 17% aqueous Na2CO3. The mixture was 
made up to 100 ml with distilled water and allowed to stand for 20 minutes. The development of 
a bluish green colour was observed at the end of the reaction mixture of the different 
concentration ranges from 0-10 ppm. The absorbance of the tannic acid standard solutions as 
well as sample was measured at 760 nm. Results were expressed as mg/g of tannic acid 
equivalent using the calibration curve: Y= 0.0593x - 0.0485, R2 = 0.9826, where x is the 
absorbance and Y is the tannic acid equivalents (mg/g). 
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6.2.8 Determination of the saponin content 
Saponin content was determined as described by Otunola and Afolayan (2013). Five grams of 
plant materials was dispersed in 50 ml of 20% v/v ethanol prepared in distilled water. The 
mixture was heated in a hot water bath at 55˚C for 4 hours with continuous stirring, filtered and 
residue re-extracted with another 50 ml of 20% ethanol and the volume reduced to 20 ml in a hot 
water bath at 100˚ C. The concentrated solution obtained was shaken vigorously with 10 ml 
diethyl ether in a separating funnel, the aqueous layer was collected for purification and the 
process was repeated twice. Twenty millilitre (20 ml) butanol was added to the filtrate, washed 
with 10 ml of 5% (w/v) aqueous sodium chloride and the mixture was heated to evaporation on a 
hot water bath, then oven dried at 40˚ C to constant weight. The percentage saponin content of 
the sample was calculated using the formula. 
% Saponin = (final weight of sample/ Initial weight of the sample) x100 
6.2.9 Determination Alkaloids 
Alkaloids were quantitavely determined according to Olajuyigbe and Afolayan (2011). Five 
grams of fresh rhizome samples were mixed with 200 ml of 10% acetic acid. The mixture was 
covered and allowed to stand for 4 hours. The filtrate was concentrated in a water bath to a 
quarter of its original volume. Concentrated NH4 (OH) 2 was added drop wise to the filtrate until 
precipitation was completed and the whole solution was allowed to settle. The collected 
precipitates were washed with dilute ammonium hydroxide then filtered; the residue was dried 
and weighed. The alkaloid content was determined using the formula; 
% Alkaloid = (final weight of sample/ initial weight of the extracts) x 100  
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6.2.10 Determination of In Vitro antioxidant activity 
The antioxidant activities of water, acetone and methanol of cultivated and wild A. amatymbica 
were determined using 2.2”- Azino–bis 3–ethylbenzthiazoline-6 sulpho acid (ABTS), 2.2- 
Diphenyl-1-Picrylhydrazyl radical scavenging activity (DPPH), Ferric reducing power, nitric 
oxide and hydrogen peroxide inhibitory assay  
6.2.10.1 2.2”- Azino –bis 3 –ethylbenzthiazoline-6 sulpho acid (ABTS) radical scavenging 
assay 
The method of Wintola and Afolayan (2011) was adopted for the determination of ABTS 
activity of the plant extract. The ABTS radical was generated by allowing a mixture of 7 mM 
ABTS and 2.4 mM potassium persulfate in the same ratio to react in the dark for overnight at 
room temperature. The solution was then diluted by mixing 1 ml ABTS in 60 ml of methanol to 
obtain the absorbance of 0.706 ± 0.001 units at 734 nm using a spectrophotometer. ABTS 
solution was freshly prepared for the assay. One millilitre (1 ml) of different concentrations 
(0.025, 0.05, 0.1, 0.2, and 0.5 mg/ml) of the extracts and standard drugs were allowed to react 
with 1 ml of ABTS radical in the dark for 7 minutes. The absorbance was taken using 
spectrophotometer at 734 nm. The percentage inhibition of ABTS by the plant extract was 
compared with Vitamin C and BHT as standards. The percentage inhibition of ABTS was 
calculated as: 
% ABTS scavenging activity = [(Abs (control)-Abs (sample))/ (Abs control)] x100  
Where Abs (control) is the absorbance of ABTS + radical + methanol and Abs (sample) is the 
absorbance of ABTS + radical + sample extract or standard. 
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6.2.10.2 2.2- Diphenyl-1-Picrylhydrazyl radical scavenging activity (DPPH) 
The scavenging activity of the plant extract against DPPH was determined according to the 
method described by Otang et al. (2012). A solution of 0.135 mM DPPH in methanol was 
prepared and 1 ml of this solution was mixed with different concentrations (0.025, 0.05, 0.1, 0.2, 
and 0.5 mg/ml) of various extracts of A. amatymbica extracts and standard antioxidants (Vitamin 
C and BHT). The reaction mixture was vortexed thoroughly and left in the dark at room 
temperature for 30 minutes and absorbance measured at 517 nm. Ability of the plant extracts to 
scavenge DPPH was calculated as: % DPPH inhibition [(Abs (control) –Abs (sample))/ (Abs control)] 
x 100 
Where Abs (control) is the absorbance Of DPPH radical + methanol and Abs (sample) is the 
absorbance of DPPH radical + sample extracts/ standard   
6.2.10.3 Determination of ferric- iron reducing power (FRP)  
The reducing power of A. amatymbica extract was evaluated according to the method described 
by Mamta et al. (2015) with a slight modification. The mixture containing 2.5 ml of 0.2 M 
phosphate buffer (pH 6.6) and 2.5 ml of potassium ferricyanide (K3Fe(CN)6 (1 %) was added to 
1 ml of each extract at different concentrations (0.025, 0.05, 0.1, 0.2, and 0.5 mg/ml). The 
mixture was incubated at 50˚C for 20 minutes. After incubation, 2.5 ml of trichloroacetic acid 
(10 %) was added to terminate the reaction. The mixture was centrifuged at 3000 rpm for 10 
minutes. The supernatant (2.5 ml) was collected and it was mixed with distilled water (2.5 ml) 
and 0.5 ml FeCl3 (0.1%). The absorbance of the reaction mixture was then measured at 700 nm 
against blank sample (without extract). Ascorbic acid and butylated hydroxyl toluene solution 
were used as positive controls. Increase in absorbance of the reaction mixture indicated 
increased reducing power. 
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6.2.10.4 Nitric oxide (NO) radical scavenging activity assay 
Nitric oxide scavenging activity was determined using the method described by Mothlanka 
(2012). Two millilitre (2 ml) of 10 mM Sodium nitroprusside dissolved in 0.5ml phosphate 
buffer saline (pH 7.4) was mixed with 0.5 ml of plant extract or Vitamin C or Rutin at various 
concentrations (0.025, 0.05, 0.1, 0.2, and 0.5 mg/ml). The resulting mixture was incubated at 
25˚C for 2.5 hours. After incubation, 0.5 ml of the reaction mixture was taken and mixed with 
0.5 ml of Griess reagent (containing 1.0 ml of 0.33% sulfanic acid in 20% glacial acetic acid) 
and was incubated for 10 minutes at room temperature with 1 ml of naphthyletheylene diamine 
dichloride (0.1% w/v). The mixture was incubated at room temperature for 30 minutes, and the 
absorbance measured at 540 nm. The inhibition of nitric oxide radical was calculated as: [(Abs 
(control) - Abs (sample)) / (Abs (control))] x100 
Where Abs (control) is the absorbance of NO radical + methanol, and Abs (sample) is the absorbance 
of NO radical +sample extract or standard. 
6.2.10.5 Hydrogen peroxide scavenging activity assay 
The ability of the plant extract to scavenge hydrogen peroxide was determined by the method of 
Kibiti and Afolayan (2015). Two millilitre (2ml) of plant extracts prepared at various 
concentrations (0.025, 0.05, 0.1, 0.2, and 0.5 mg/ml) were mixed with 6 ml of 4 mM H2O2 
solution in phosphate buffer (0.1 M pH 7.4). The mixture was incubated for 10 minutes at room 
temperature. Absorbance of the solution was measured at 230 nm against the blank solution 
containing the plant extracts without H2O2. The result obtained was compared with standard 
ascorbic acid. Percentage inhibition of H2O2= [(Abs (control) - Abs (sample))/ (Abs (control))] x 100, 
where Abs (control): Absorbance of the control and Abs (sample): Absorbance of the extracts 
/standard.  
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6.3 Data analysis  
Where applicable, data were subjected to statistical analysis using SAS (Statistical Analysis 
System) package. One way analysis of variance (ANOVA) was used to compare the differences 
between the cultivated and wild A. amatymbica samples. Means were compared using Duncan s 
multiple range tests. The means were treated as significantly different at P<0.05. The 
concentrations required to attain 50% radical scavenging effect (IC50) was determined from the 
series of concentration tested. 
6.4 Results  
6.4.1 Quantification of polyphenolic compounds  
Phytochemical constituents of wild and cultivated A. amatymbica revealed the presence of 
tannins, saponins, alkaloids proathocyanidins, flavonoids, flavonols and total phenolics (Table 
1). The phytochemicals obtained from the plant extracts varied greatly among the three solvents, 
in both wild and cultivated plants. Wild and cultivated plants showed significant difference 
(p<005) in tannin content for both acetone and methanol extracts but not in water extracts. The 
methanol and acetone extracts of wild and cultivated plants showed significant difference 
(p<0.05) in the alkaloid contents except in water extracts. Saponin contents in both wild and 
cultivated extracts of A. amatymbica showed significant difference (p<0.05) in all solvent. 
Methanol and water extracts of wild plants showed significantly higher (p<0.05) saponin content 
of (34.47 mg/g and 12.80 mg/g respectively) except in acetone extracts. The total phenolics 
content of wild and cultivated plants showed significance difference (p<0.05) in acetone and 
water extracts only. Methanol and water extracts of cultivated plants had higher total phenolic 
content of 98.44 mg/g and 66.46 mg/g respectively. The total flavonol, flavonoids, 
proanthocyanidin content showed significance difference (p<0.05) in all solvents. Wild A. 
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amatymbica extracts exhibited significantly higher (p<0.05) total flavonols, flavonoids and 
proanthocyanidin contents in all solvents compared to cultivated plants. 
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Table 1: Phytochemical constituents of acetone, water, and methanol extracts from wild and cultivated Alepidea amatymbica rhizomes 
Phytochemical  
constituents 
Extracts of wild A. amatymbica Extracts of cultivated A. amatymbica 
Acetone  Methanol Water  Acetone  Methanol Water 
Tannin (%) 59.70a±0.417 62.40a±0.721 11.67c±0.304 39.70b±0.143 41.30b±0.21 9.80c±0.18 
Alkaloids (%) 16.12a±0.03 17.80a±0.015 14.70b±0.04 12.39c±0.02 11.98c±0.14 13.21b±0.06 
Saponin (%)  10.97c±0.102 34.47a±0.87 12.80b±0.66 12.0b±0.35 12.20b±0.30 10.81c±0.82 
Total phenolics( GAE/g) 117.8a±8.45 97.81b±7.71 32.30d±3.43 67.01c±3.27 98.44b±6.08 66.46c±5.29 
Total flavonols (QE/mg) 24.13c±7.1 68.67a±8.13 18.32d±0.30 21.91d±2.56 58.97b±5.91 10.61e±1.14 
Total flavonoids(QE/mg) 97.33a±7.20 99.09a±7.20 55.01c±6.51 59.66c±0.17 67.32b±4.1 48.65d±7.74 
Total proanthocyanidin(CE/g) 262.7b±4.52 325.7a±8.70 244.4c±6.28 144.7d±4.51 243.4c±5.30 153.4d±1.37 
Data are expressed as means ± SD: n=3; means in the same row within type of the plants with different superscript and within a column of 
similar extracts are significantly different (p˂ 0.05). Gallic acid equivalent (GAE); (QE) quercetin equivalent; (CE) Catechin equivalent.
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6.4.2 Ferric reducing power 
The reducing power of the wild and cultivated A. amatymbica from the three solvent extracts 
and standard drugs are shown in Figure 1. The reducing power of the solvent extracts on ferric 
to ferrous, gradually increased with increase in concentration. The reducing capacity of 
methanol extracts of wild and cultivated plants within a concentration showed no significance 
difference (p>0.05) in all concentrations tested. Acetone extracts of the wild and cultivated 
plants showed significant difference (p<0.05) of reducing power in all test concentrations. 
Acetone extracts of the wild plants had significantly higher mean (p<0.05) of reducing power 
than acetone extracts of the cultivated plants. Significantly higher (p<0.05) reducing powers 
were also observed in water extracts of the wild plants at all concentrations assayed.  
 
Figure 1: Reducing power of acetone, methanol and water extracts of wild and cultivated A. 
amatymbica. Bars graphs with different letters within the same solvents are significantly 
different (P<0.05), wild = wild A. amatymbica, cultivated = cultivated A. amatymbica 
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6.4.3 Hydrogen peroxide inhibition 
The hydrogen peroxide radical inhibition activity of wild and cultivated A. amatymbica are 
presented in Figure 2. There was a concentration dependent increase in inhibition in the extracts 
assayed. The methanol extracts of both wild and cultivated plants showed significant difference 
(p<0.05) at all concentrations. Methanol extract of the wild plants showed significantly higher 
means (p<0.05) radical inhibition at all concentrations. There was also a significant difference 
(p<0.05) in radical inhibition by the acetone extracts of the cultivated and wild plant at all 
concentrations except at 0.5 mg/ml. Acetone extracts of the wild plants had significantly higher 
(p<0.05) scavenging activity of 14.15, 31.04 and 34.51% at 0.025, 0.05 and 0.1 mg/ml, 
respectively except at 0.2 mg/ml. A significant difference (p<0.05) was also observed in water 
extracts at all concentrations assayed. The water extracts of the wild plants had significantly 
higher radical inhibition compared to water extracts of the cultivated plants.  
 
Figure 2: Hydrogen peroxide radical scavenging activities of acetone, methanol and water 
extracts of wild and cultivated extracts A. amatymbica rhizome. Bars with different letters 
superscript within the same solvent are significantly different (P<0.05), wild = wild A. 
amatymbica, cultivated = cultivated A. amatymbica 
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6.4.4 ABTS radical scavenging activity 
The results of ABTS radical scavenging activity of wild and cultivated A. amatymbica at various 
concentrations are shown in Figure 3. There was a concentration dependent response in this 
assay. All the solvent extracts showed great ABTS radical scavenging activity at very low 
concentrations. There was no significant difference (p>0.05) in radical scavenging activity in  
the methanol extracts of the wild and cultivated plants except at a concentration of  0.025 
mg/ml. Methanol extracts of the wild plants had a significantly higher (p<0.05) radical 
scavenging activity of 91.55% at 0.025 mg/ml. The acetone extracts of both wild and cultivated 
plants showed no significant difference (p>0.05) at all concentrations except at 0.025 mg/ml. 
Acetone extracts of the cultivated plants showed significantly higher ABTS inhibition of 
88.45%. A significant difference (p<0.05) was observed in the water extracts of wild and 
cultivated plants at all concentrations but not  at 0.5 mg/ml. Water extracts of the wild plants 
exhibited higher radical scavenging activity of 79.96, 89.37, 93.51 and 94.74% at 0.025, 0.05, 
0.1 and 0.2 mg/ml concentrations, respectively compared to cultivated plants. 
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Figure 3: ABTS radical scavenging activity of acetone, methanol and water extracts from wild 
and cultivated extracts of A. amatymbica rhizome obtained from different solvents. Bar graphs 
with different letter superscript within the same solvent are significantly different (P<0.05), wild 
= wild A. amatymbica, cultivated = cultivated A. amatymbica. 
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plants. The water extracts of wild and cultivated plants showed significance difference (p<0.05) 
at all concentrations. Water extracts of cultivated plants showed significantly higher (p<0.05) 
radical scavenging activity. 
 
 
Figure 4: DPPH radical scavenging activity of acetone, methanol and water extracts of wild and 
cultivated A. amatymbica. Bars with different letters within the same solvents are significantly 
different (P<0.05) 
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extracts of the wild plants had significantly higher (p<0.05) scavenging activity of 67.7% 
compared to methanol extracts of the cultivated plants. The acetone extracts of wild and 
cultivated plants showed significant difference (p<0.05) in radical scavenging activity at all 
concentrations assayed. Acetone extracts of the wild plants had a significantly higher mean 
inhibition at all concentrations. Higher significant (p<0.05) inhibition were also observed in the 
water extracts of wild plants compared to cultivated plants at all concentrations.  
 
Figure 5: Nitric oxide radical scavenging activity of the acetone, methanol and water extracts 
from wild and cultivated A. amatymbica rhizome. Bar graphs with different letters within the 
same solvents are significantly different (P<0.05). wild = wild A. amatymbica, cultivated = 
cultivated A. amatymbica 
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6.4.7 Effects of wild and cultivated A. amatymbica extracts and standards (BHT and 
Vitamin C) at their respective concentrations that scavenged 50% (IC50) of the radicals  
The inhibition of ferric reducing power, hydrogen peroxide, ABTS, DPPH by all extracts and 
standards at their respective concentrations that scavenged 50% (IC50) of their radicals are 
shown in Table 2. The ferric reducing power scavenging activity of the extracts and the standard 
drugs based on the IC50 was in the decreasing order: Vitamin C (standard) > wild (water) > wild 
(methanol) > cultivated (methanol) > wild (acetone) > cultivated (acetone) > cultivated (water) > 
BHT (standard). The wild plants showed a better reducing IC50 than the cultivated plants. The 
hydrogen peroxide scavenging activity as recorded from the IC50 values is in the order: wild 
(methanol) > wild (acetone) > cultivated (acetone) > Vitamin C (standard) > wild (water) > 
cultivated (methanol) > cultivated (water) > BHT (standard). However water extracts of the 
cultivated plants and BHT showed no activity against hydrogen peroxide.  
The IC50 values showed ABTS radical scavenging potential of all the extracts and the standards 
was in the order: Vitamin C (standard) > wild (methanol) > cultivated (methanol) > wild 
(acetone) > wild (water) > cultivated (methanol) > wild (water) > BHT (standard). Methanol 
extracts of the wild plants, acetone extracts of cultivated plants and Vitamin C showed higher 
potential of ABTS as evaluated by the IC50 which was greater than the least concentration 
evaluated. Methanol extracts and acetone extracts of the wild plants and acetone extracts of the 
cultivated plants showed higher potential of DPPH with IC50 which was greater than the least 
concentration evaluated. The DPPH radical scavenging potential followed this trend: BHT > 
wild (methanol) > cultivated (acetone) > wild (acetone) > cultivated (water), wild (water) > 
Vitamin C. The acetone extracts of the cultivated plants showed no activity on the scavenging of 
the nitric oxide. The nitric oxide radical scavenging potential of all the extracts and the standards 
based on the IC50 was in the decreasing order: BHT, wild (methanol) > wild (water) >cultivated 
(water) >wild (acetone) > cultivated (methanol) > Vitamin C > BHT > cultivated (acetone).  
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Table 2: IC 50 values of acetone, methanol and water fractions of wild and cultivated of A. amatymbica rhizomes and standards  
Activity  
samples 
Wild A. amatymbica Cultivated A. amatymbica 
A B C D E A B C D E 
IC50a R2b IC50a R2b IC50a R2b IC50a R2b IC50a R2b IC50a R2b IC50a R2b IC50a R2b IC50a R2b IC50a R2b 
Acetone 
extract 0.0795 0.9972 0.5594 0.9694 0.00062 0.9191 ***** 0.9422 0.00060 0.994 0.10483 0.998 0.59143 0.9947 ***** 0.9631 ***** 0.963 NA NA 
Water 
extract 0.03767 0.9928 2.266992 0.9887 0.00106 0.952 0.00531 0.9489 0.00196 0.956 0.19487 0.9983 NA 0.9981 0.03123 0.952 0.0009 0.096 0.0023 0.983 
Methanol 
extract 0.03795 0.9722 0.099 0.9348 ***** 0.9876 ***** 0.9987 0.00041 0.99 0.03826 0.9972 0.738276 0.995 0.0249 0.9876 ***** 0.988 0.0072 0.89 
Vitamin 
C 0.01258 0.9547 0.658756 0.9971 ***** ***** 0.6534 0.825 0.0156 0.87 0.01258 0.9547 0.658756 0.9971 ***** ***** 0.6534 0.825 0.0156 0.87 
BHT 
2.7057 0.9972 NA 0.9918 0.03768 0.9981 ***** 0.975 1.5255 0.964 2.7057 0.9972 NA 0.9918 0.03768 0.9981 ***** 0.975 1.5255 0.964 
A- Ferric reducing power; B- Hydrogen peroxide scavenging activity; C- ABTS scavenging activity; D- DPPH scavenging activity, E- 
Nitric oxide scavenging activity. aIC50 is defined as the concentration (mg/ml) sufficient to obtain 50% of maximum scavenging 
capacity. b co-efficient of determination. Values obtained from regression lines with 95% confidence level. NA- indicates no activity. 
*****- greater than lowest concentration evaluated drugs. R2: coefficient of determination; values obtained from regression lines with 
95% confidence level, 
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6.5 Discussion  
Phytochemical contents varied greatly among the three solvents in both wild and cultivated 
plants. This is an indication that the solvents have different extracting abilities for 
phytochemicals. It was observed that the phytochemicals in the wild plants were higher than the 
cultivated plants. Several reasons, may explain the differences in the concentration of bioactive 
compounds from both the wild and cultivated A. amatymbica. It may be due to agronomic 
practices such as environmental conditions, nutrients present in the soil and other media which 
may alter the growth rate and metabolic activity of the plants (Govarthanan et al., 2015). 
Arjamand et al. (2012), in their studies on wild and and cultivated Satureja bachtiarica reported 
that agromorphological traits results in great variability in the amount of phytochemical 
constituents.  
Variability in the flavonoids, tannins, flavonols and proanthocyanidin contents of wild and 
cultivated plants may be related to parameters such as relocation of plants from their original 
geographic location to different growing climatic conditions. It was previously reported that the 
wild state of the plant is usually found where its shade requirement is inconsistent and if under 
cultivation conditions the similar shades are not provided, then the plant will show 
phytochemical variations (Ashashri et al., 2014). According to Tajalli et al. (2015) the exposure 
of plants to sunlight or higher lights is known to enhance in production of flavonols and 
flavonoids. Hence, significantly higher concentrations of flavonoids and flavonols was observed 
in the wild A. amatymbica due to exposure to natural conditions. Lower concentrations of 
flavonols, flavonoids, tannins and flavonoids in cultivated plants might be due to the plants 
being unable to produce desired bioactive compounds under controlled conditions. Similar 
results were also reported by Sefidkon et al. (2007), who observed that cultivated plants 
produced lower levels of secondary metabolites due to monoculture cultivation conditions. 
Several studies have reported that majority of pharmacologically important compounds of plant 
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origin are products of defence to plant stress and secondary metabolism (Andrew et al., 2007; 
Kuzel et al., 2009; Sudha and Ravishankar, 2002). The presence of flavonoids in both wild and 
cultivated plants may show the ability of this plants to scavenge free radicals (Sahoo et al., 
2014). The higher content of saponin observed in acetone extracts of the cultivated plants may 
be due to incomplete separation of phytoconstituents in the acetone extracts of the wild plants 
(Umpathy et al., 2010). The higher content of proanthocyanidin observed in this study may 
validate the claim of medicinal plants users about antihypertensive properties of A. amatymbica.  
The non-significance difference in alkaloids and tannin contents observed in the water extracts 
of the wild and cultivated plants might be due to the effect of extraction solvent used, hence the 
significance difference observed in acetone and methanol extracts of wild and cultivated plants. 
Thus, confirming that variation between wild and cultivated plants, may be due to the influence 
of agronomic parameters such as shading or sunlight exposure and water supply which had 
impact on chemical composition. The findings of this study was in line with Sahoo et al. (2014), 
that bioactive compounds from herbal medicine may be affected by physiological response 
(circadian rhythm, phenology) of plants and agronomic conditions. It has also been reported that 
growing conditions, such as warm weather increases the synthesis of secondary metabolites but 
wet weather conditions can inhibit alkaloid production in many species (Bairu et al., 2010). 
Alkaloids have been used medically as analgesic and antiseptic (Otunola et al., 2010). The 
presence of alkaloid in both wild and cultivated A. amatymbica shows that cultivated plants 
could have same effect with wild plants on the potential for pharmacological purpose as 
antispasmodic, antimalarial, antiseptic and antibacterial agents (Ahmed et al., 2004). This could 
explain the use of A. amatymbica by traditional healers for the treatment of above ailments. The 
presence of tannins in wild and cultivated A. amatymbica may be useful for the prevention of 
cancer as well as treatment of inflamed ulcerated tissue and it is also known to act as a natural 
antibiotics by preventing lipid peroxidation (Okwu and Eminike., 2006; Skarbez et al., 2010). 
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The significantly higher phenolic content in the methanol and water extracts of the cultivated A. 
amatymbica might indicate that cultivation increased the phenolic content. Similar results were 
also obtained by Soriano-Melgar et al. (2012), who demonstrated that domestication process and 
cultivation increased some phytochemicals and antioxidant activities of Tunerra diffusa. Willd. 
ex Schult Phenolic inactivate iron ions by chelating and additionally suppressing the superoxide-
driven Fenton reaction, which is believed to be the most important source of reactive oxygen 
ions (Momemi et al., 2010). The results from this study suggest that high phenolic content of 
cultivated A. amatymbica could have pharmacological effects which may also be attributed to 
the presence of this valuable constituent. These results suggest that relocating these plants from 
the wild to nursery did not results in the loss of phenolics. Therefore, results further confirm that 
the similarity in some of phytochemicals between the wild and cultivated plants, may be helpful 
for the domestication of A. amatymbica by medicinal plant users. 
The non-significance difference observed in ferric reducing power of the methanol extracts of 
wild and cultivated A. amatymbica might be to the high amount of phenolic content in the 
plants. Significantly higher ferric reducing power observed in acetone and water extracts of wild 
A. amatymbica at all concentrations may be due to higher content of phytochemical in the wild 
plants. Several authors have reported that antioxidant activity expression is a consequence of the 
synergism between different phytochemical compounds and cannot be attributed to constituents 
(Lee et al., 2003; Wintola and Afolayan, 2011; Augusto et al., 2014). Significant influence of 
environmental conditions on the phytochemicals and consequently to ferric reducing power of 
wild and cultivated A. amatymbica may be indicating the important role played by the 
environment, UV radiation, temperature, water stress and mineral nutrients availability in 
determining their antioxidant activity (Tarvarini and Angelini, 2013). Amounts of 
phytochemical constituents found in both wild and cultivated A .amatymbica correlated with 
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antioxidant activity which confirms that they are contributing factors towards its antioxidant 
properties. 
Hydrogen peroxide is an important reactive oxygen species (ROS) which has the ability to 
penetrate biological molecules which may be toxic if converted to hydroxyl radical in the cell. 
The hydroxyl radical generated in the cell has been reported to induce breakage in DNA strand 
and chemical changes in the deoxyribose and nitrogenous bases. For hydroxyl radicals to be 
reduced in the body there is a need for the hydrogen peroxide generated to be inhibited 
(Randriamamiona et al., 2007). The observation that wild plants exhibited high percentage of 
hydrogen peroxide radical scavenging activity may be attributed to the higher flavonols, 
flavonoids, proanthocyanidin and phenolic contents in wild plant compared to cultivated ones. 
This results is in agreement with the findings of Motlhanka (2012), who reported that plant 
cultivation can reduce antioxidant activity. It has been reported that drought and salt stress in  
natural environment cause production of Reactive Oxygen Species (ROS) within the plant 
resulting to increased level of secondary metabolites, including phytochemicals. Hence, wild 
plants exhibited higher hydrogen peroxide radical inhibition (Jaradat et al., 2015). The reduced 
antioxidant efficacy of the cultivated A. amatymbica could therefore be a call for increase in the 
concentration of the extracts to be substituted for the wild species. 
Significance difference in ABTS+ inhibition observed in acetone and methanol extracts of wild 
A. amatymbica and methanol extracts of cultivated A .amatymbica except at 0.025 mg/ml may 
be due to the content of phytoconstituents at that concentration in the cultivated plants. This 
study reflected the capacity of wild and cultivated A. amatymbica to inhibit or quench free 
radicals. The ABTS radical scavenging potential exhibited by wild plant extracts could be 
attributed to polyphenolic compounds as earlier shown in the results. This agrees with several 
reports of plants which show antioxidant activity with ABTS (Otunola and Afolayan, 2013; 
Oyedemi et al., 2012; Omoruyi et al., 2012). The ability of the extracts to scavenge free radicals 
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support the folkloric use of the plant as a useful therapeutic agent for treating radical- related 
pathological damages. Also it confirms the fact that cultivation of A. amatymbica did not affect 
the ability of plant to inhibit free radicals.  
Scavenging ability of the stable DPPH radical is widely used in evaluating the free radical 
scavenging ability of various compounds (Otunola and Afolayan, 2013). It was observed that 
DPPH radical scavenging potential in all solvent extracts and BHT significantly increased with 
increasing concentrations in both wild and cultivated plants. The observation that water extracts 
of the cultivated A. amatymbica exhibited significantly higher DPPH radical inhibition may be 
due to the significantly higher phenolic compounds present in the water extracts of the cultivated 
plants. Similar results was reported by Masondo et al. (2013) about the potency of cultivated 
Bowiea volubilis in traditional medicine. The similarity in DPPH radical scavenging activity of 
acetone extracts of wild and cultivated plants in this study could be attributed to the presence of 
other bioactive agents capable of donating electrons. This result indicate the 
ethnopharmacological potential of cultivated A. amatymbica in traditional medicine.  
Nitric oxide is an important cellular signalling molecule needed in low amounts to protect some 
vital organs in the human body, especially the liver and heart, from ischemic damage and 
hypertension. However, the over production of this molecule may be implicated in inflammation 
and pathogenesis of various human diseases such as cardiovascular diseases which may be 
detrimental to human health. Higher nitric oxide observed in wild A. amatymbica might be due 
to the fact that therapeutic properties of herbal medicines are biosynthesized by plants under 
particular conditions of stress and competition in their natural environments (Zobayed et al., 
2007). Hence, extracts of the cultivated plants had the lower nitric oxide inhibition activity. It 
was also observed that extracts of wild and cultivated plants showed good nitric oxide 
scavenging activity as compared to the standards. The nitric oxide inhibiting ability of the plant 
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extracts could partially justify the use of wild plants in the treatment of oxidative induced 
ailments due to its higher scavenging activity compared to standards used. 
6.6 Conclusion 
There were significant differences among compositions and antioxidant activities of studied 
extracts. Wild plants exhibited superior levels of phytochemical and antioxidant activity than the 
cultivated A. amatymbica. Even though cultivated plants showed lower levels of 
proanthocyanidin, total flavonols, total flavonoids and alkaloids and tannin, it showed the 
potential of being used in antioxidant activities as the IC50 showed activity at the lowest 
concentrations tested. Therefore, this IC50 gives an indication that cultivated A. amatymbica can 
be effectively used in traditional medicine rather than relying on the rhizome from the wild 
populations alone. Based on the presented results the rareness of natural antioxidant use which is 
usually due to the cost and unavailability of the wild plants could be overcome by using 
cultivated species. Domestication of this wild plants coupled with qualitative profiling to 
validate consistency in phytochemical composition can reduce the pressure on the wild 
populations. 
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7.1 General discussion  
Medicinal plants play a crucial role in the health care needs of poor rural people. However, a 
large proportion of these medicinal plants are harvested from the wild population without effort 
to cultivate them. Other valuable medicinal plants are traded in both local and international 
markets. About 700 species of medicinal plants are traded in South Africa in local markets 
(Mander, 1997). Due to high economic importance, there is a high demand of medicinal plants 
which has resulted in their intensive harvesting and overexploitation from their natural habitats 
thereby driving them near to extinction (Williams et al., 2000). The most affected of these are 
species harvested for their underground bulbs, rhizomes and roots (Rock et al., 2004) such as 
Alepidea amatymbica. The harvesting of A. amatymbica is destructive as its rhizome is the part 
used in herbal medicine. Considering the rate of demand of this plant by traders and its rapid 
rate of harvesting from the wild, there is a need for its assessment and to come up with 
sustainable management strategies for its conservation as it has been red listed and marked as 
vulnerable in South Africa (Raimondo et al., 2016). Hence, this study explored different 
strategies of conserving A. amatymbica and also evaluated some comparative pharmacological 
potentials of the wild and cultivated species. 
The survey carried out as part of this study revealed that intensive and unsustainable harvesting 
methods used by harvesters is a major factor that affects plant populations in the province. 
Harvesters use destructive measures which reduce regrowth of the plants, as they are only 
concerned with the financial gains rather than the long term benefits of conserving these plants. 
The lack of cultivation techniques and unbelief in the potency of cultivated medicinal plants 
were the most significant constraints of conservation of A. amatymbica in the study area. 
Although the collection and trade of A. amatymbica currently plays a major economic role in the 
livelihood of the people in the Eastern Cape Province, little efforts have been made to cultivate 
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this species. Hence there is a need to develop conservation strategies for this endangered plant 
species. 
Conservation of A. amatymbica through cultivation may be a credible way to save or protect this 
species from extinction in the Eastern Cape Province. However, considering the low 
germination rates of the seeds of A. amatymbica, it may be necessary to use other parts for its 
propagation. The study revealed that vegetative cultivation of A. amatymbica using varying 
fragment lengths and planting depths of the rhizome fragments was successful and should be 
considered a key tool in their conservation. Although all fragment lengths and planting depths 
showed survivability, the results demonstrated a higher potential for clonal prapagation at 6 cm 
fragment length in all the burial depths.  
This study also evaluated the effects of cultivation on the micromorphology and elemental 
compositions of the cultivated and wild plants. The outcome revealed numerous differences 
between the wild and cultivated plants. The contractile root of wild plant showed pronounced 
helical thickening on the inner wall of the xylem cells and lumpy grains in the parenchymal cells 
of the cortex compared to cultivated plants with non-pronounced helical thickening and 
scattered grains. The epidermal cells of the leaves of wild and cultivated plants were 
distinguished by the presence of more epicuticular wax on the cultivated plants. This finding 
suggests that environmental growth conditions could be a contributing factor in the differences 
observed on the micromorphology of the wild and cultivated plants. 
The general perception that herbal medicine are completely safe and free from side effects 
because they come from natural sources is entirely not true and misleading (Ekor, 2014). There 
are some risks that come with the use of some medicinal plants which had led to serious health 
effects to consumers. Toxicity of some medicinal plants may be due to the toxic metabolites 
present in them and hence, it is essential to evaluate the toxicity threshold potential of the herb 
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(Calixto, 2000). Different solvent extracts of wild and cultivated plants were screened for 
possible toxicity using the brine shrimp toxicity assay. The outcome of the evaluation revealed 
that both plant fractions have some levels of toxin and this calls for concern on its indiscriminate 
use by consumers. The toxic levels of wild and cultivated A. amatymbica could justify the use of 
A. amatymbica as an anti-cancer agent (Artanti et al., 2012). 
The outcome of the phytochemical analysis revealed different levels of phytochemical contents 
with corresponding antioxidant activities. The wild A. amatymbica extracts had higher 
phytochemical contents with corresponding higher antioxidant activities in most of the assays 
evaluated than the cultivated extracts. Although herbal medicine practitioners believe that 
cultivated species are not potent, this study revealed some levels of phytochemical contents and 
antioxidant activities which are comparable to the wild species. 
7.2 Conclusions  
• This study provides a baseline information of conservation status of identified medicinal 
plants, marketing, harvesting, packaging and pricing activities involved in the medicinal 
plants trade in Amathole District Municipality of Eastern Cape Province. 
• Lack of belief on the potency of cultivated plants and cultivation techniques were mentioned 
as the most significant constraints to conservation of medicinal plants in the study area.  
• The information on the trade of medicinal plants showed that the Herbal Medicinal 
Practitioners perception of the conservation status of A. amatymbica corresponds with the 
conservation status indicated in South Africa Red List. 
• Destructive harvesting of A. amatymbica for traditional use and medicinal trade have 
resulted in the species been red-listed as threatened in South Africa. 
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• The study revealed successful vegetative cultivation of of A. amatymbica through rhizome 
segments as an efficient method for reducing pressure on the wild population and promote 
its conservation.  
• The best overall yield in terms of plant height, shoot emergence, number of florets and 
number of leaves was achieved with the rhizome fragment length of 6 cm at 7.5 cm planting 
depth. 
• Higher rhizome weight gain was achieved with 6 cm fragment length in all the burial depth.  
• The toxicity evaluation of both the wild and cultivated plants showed that both could be 
toxic, although the wild plant was less toxic. 
• Although all extract of both wild and cultivated plants could serve as free radical inhibitors 
or scavengers, cultivated extracts were lower compared to wild extracts. 
• In most of the phytochemicals and antioxidant assay, the wild A. amatymbica showed higher 
phytochemical constituents and antioxidant activities than cultivated ones. 
7.3 Recommendations  
• Further exploration of its natural habitat may help to mimic the natural habitat growth 
conditions for the purpose phytochemical constituents improvement of cultivated plants and 
conservation 
• Medium depth (5 cm) with the shortest fragment length (1-3 cm) and 6 cm fragment length 
in all burial depth (2.5, 5 and 7.5 cm) is recommended for cultivation of A. amatymbica as it 
produced highest rhizome biomass required by traders, herbalist and traditional healers. 
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APPENDIX 
 
 
The trade of medicinal plants by Herbal Medicinal Practitioners (HMPs) in Nkonkobe 
Municipality, Eastern Cape, South Africa  
 
Questionnaire: 
 
Informants consent for participation in the study: 
 
I…………………………………………. hereby give my full consent and conscious to 
participate in this study and declare that to the best of my knowledge the information that I have 
provided are true accurate and complete. 
Date:…………………………….    
Signature…………………………… 
Geographical information 
1 Alice 2 King Williams Town 3 Stutterheim 
4 Keiskammahoek 5 Fortbeaufort   
 
General business of respondents  
1 Street vendors 2 Traditional healers 
3 Customers 4 Plant harvesters or collectors 
 
Personal information 
Gender: 
1 Female 2 Male 
 
Age: 
1 20-30 2 31-40 3 41-50 
4 51-60 5 71-80   
Questionnaire No: 
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Level of education: 
1 No formal education 2 ABET education 
3 Primary education 4 Secondary education and above 
 
Residence: 
1 Rural 2 Urban 
 
Source of medicinal plants Knowledge 
Do you have any knowledge of medicinal plants? 
1 No 2 Yes 
  
Where did you get the knowledge of medicinal plants? 
1 Elders  2 Ancestral guidance 
3 Customers 4 Other (specify)……………………………... 
……………………………………………… 
 
Business information 
Monthly income derived from the trade of medicinal plants 
1 R100-R5000 2 R500-R1000 3 R1000-R1500 4 R1500-R2000 
5 R2000-R25000 6 R2500 and 
above 
    
 
Source of medicinal plants  
Do you collect plant the plants for yourself? 
1 Yes 2  No 
 
If no, who collects? If yes, where to you collects plants? 
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……… 
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1 Buy from street 
vendors 
2 Self-collection 3 Collection from the 
backyards 
4 Buy from plant 
harvester 
5 No response 6 Others 
   
Mention the valid reason for the above mentioned answer 
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
………… 
 
How far is the collection sites for medicinal plants? 
1 0-5 km 2 5-10 km 3 10-15 km 4 20-25 km 
5 20-25 km 6 25 km and above 7 No response   
 
How often do you collect plants? 
1 Everyday 2 Once a week 
3 Once a month  4 On a request 
  
Are you aware of sustainable harvesting techniques? 
1 Yes 2 No 
 
Are you aware of a permit for collection?  
1 Yes 2 No 
Do you have a permit to collect? 
1 Yes 2 No 
 
Plant conservation 
 
Are you aware of plants that are becoming scarce? 
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1 Yes 2 No 
 
If yes, explain the possible reason for medicinal plants that are becoming scarce 
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
…….... 
What measure are you taking to protect the future of medicinal plants? 
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……… 
Are you aware of the certain wild plants that can no longer be found? If so mention the species 
you area aware of 
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……… 
Which conservation strategies can be implemented to assist in sustainable use of medicinal 
plants? 
……………………………………………………………………………………………………
…………………………………………………………………………………………………… 
Would you cultivate medicinal plants for the future conservation of medicinal plants? 
1 Yes 2 No 
 
If no why not? 
1 Low potency 2 Lack of cultivation  
techniques 
3 Lack of land 4 No time to maintain medicinal 
plants 
5 Lack of water 6 Lack of labour 7 No response or 
of other specify 
8  Lack of cultivation materials 
 
Would you be willing to buy cultivated plants? 
1 Yes 2 No 
If no why? If yes why? 
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……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……  
 
Plant utilisation 
Plant 
name  
Family  Plant 
parts 
used 
Form of 
packaging 
Medicinal 
uses of 
the plant 
Scarcity 
in the 
market 
Most 
frequently 
traded(How  
it is sold 
Prices in 
the 
market 
Scientific  
and or 
vernacular 
names 
       
        
        
 
 
. 
 
 
 
 
 
 
